DATA PIPELINE SYSTEM AND DATA ENCODING METHOD 

This is a " continuation-in-part application of U.S. 
Serial No. (not yet known) filed February 2, 1995, which is 
a continuation application of Serial No. 08/032,291 filed 
June 24, 1993. This application claims priority from EPO 
Application No. 92305038.8 filed June 30, 1992, 3ritish 
Application No. 9405914.4 filed March 24, 1994 and British 
Application No. (not yet known) filed February 28, 1995. 

BACKGROUND OF THE INVENTION 

The present invention is directed to improvements in 
methods and apparatus for decompression which operates to 
decompress and/or decode a plurality of differently encoded 
input signals . The illustrative embodiment chosen for 
description hereinafter relates to the decoding of a 
plurality of encoded picture standards. More specifically, 
this embodiment relates to the decoding of any one of the 
well known standards known as JPEG, MPEG and H.2S1. 

A serial pipeline processing system of the present 
invention comprises a single two-wire bus used for carrying 
unique and specialized interactive interfacing tokens, in the 
form of control tokens and data tokens, to a plurality of 
adaptive decompression circuits and the like positioned as a 
reconf igurable pipeline processor. 

Video compression/decompression systems are generally 
well-known in the art. However, such systems have generally 
been dedicated in design and use to a single compression 
standard. They have also suffered from a number of other 
inefficiencies and inflexibility in overall system and 
subsystem design and data flow management . 

Examples of prior art systems and subsystems are 
enumerated as follows : 

One prior art system is described in United States 
Patent No. 5, 216 , 724. The apparatus comprises a plurality of 
compute modules, in a preferred embodiment, for a total of 
four compute modules coupled m parallel. Each of the 
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compute modules has a processor, dual port memory, scratch- 
pad memory, and an arbitration mechanism. A first bus 
couples the compute modules and a host processor. The device 
comprises a shared memory which is coupled to the host 
processor and to the compute modules with a second bus. 

United States Patent No. 4,785,349 discloses a full 
motion color digital video signal that is compressed, 
formatted for transmission, recorded on compact disc media 
and decoded at conventional video frame rates. During 
compression, regions of a frame are individually analyzed to 
select optimum fill coding methods specific to each region. 
Region decoding time estimates are made to optimize 
compression thresholds. Region descriptive codes conveying 
the size and locations of the regions are grouped together in 
a first segment of a data stream. Region fill codes 
conveying pixel amplitude indications for the regions are 
grouped together according to fill code type and placed in 
other segments of the data stream. The data stream segments 
are individually variable length coded according to their 
respective statistical distributions and formatted to form 
data frames. The number of bytes per frame is withered by 
the addition of auxiliary data determined by a reverse frame 
sequence analysis to provide an average number selected to 
minimize pauses of the compact disc during playback, thereby 
avoiding unpredictable seek mode latency periods 
characteristic of compact discs. A decoder includes a 
variable length decoder responsive to statistical information 
in the code stream for separately variable length decoding 
individual segments of the data stream. Region location data 
is derived from region descriptive data and applied with 
region fill codes to a plurality of region specific decoders 
selected by detection of the fill code type (e.g., relative, 
absolute, dyad and DPCM) and decoded region pixels are stored 
in a bit map for subsequent display. 



United States Patent No. 4,922,341 discloses a method 
for scene-model-assisted reduction of image data for digital 
television signals, whereby a picture signal supplied at time 
is to be coded, whereby a predecessor frame from a scene 
already coded at time t-1 is present in an image store as a 
reference, and whereby the frame-to-frame information is 
composed of an amplification factor, a shift factor, and an 
adaptively acquired quad-tree division structure. Upon 
initialization of the system, a uniform, prescribed gray 
scale value or picture half-tone expressed as a defined 
luminance value is written into the image store of a coder at 
the transmitter and in the image store of a decoder at the 
receiver store, in the same way for all picture elements 
(pixels) . Both the image store in the coder as well as the 
image store in the decoder are each operated with feed back 
to themselves in a manner such that the content of the image 
store in the coder and decoder can be read out in blocks of 
variable size, can be amplified with a factor greater than or 
less than 1 of the luminance and can be written back into the 
image store with shifted addresses, whereby the blocks of 
variable size are organized according to a known quad tree 
data structure. 

United States Patent No. 5,122,875 discloses an 
apparatus for encoding/decoding an HDTV signal. The 
apparatus includes a compression circuit responsive to high 
definition video source signals for providing hierarchically 
layered codewords CW representing compressed video data and 
associated codewords T, defining the types of data 
represented by the codewords CW. A priority selection 
circuit, responsive to the codewords CW and T, parses the 
codewords CW into high and low priority codeword sequences 
wherein the high and low priority codeword sequences 
correspond to compressed video data of relatively greater and 
lesser importance to image reproduction respectively. A 



transport processor, responsive to the high and low priority 
codeword sequences, forms high and low priority transport 
blocks of high and low priority codewords, respectively. 
Each transport block includes a header, codewords CW and 
error detection check bits. The respective transport blocks 
are applied to a forward error check circuit for applying 
additional error check data.. Thereafter, the high and low 
priority data are applied to a modem wherein quadrature 
amplitude modulates respective carriers for transmission. 

United States Patent No. 5,14 6,325 discloses a video 
decompression system for decompressing compressed image data 
wherein odd and even fields of the video signal are 
independently compressed in sequences of intraframe and 
interframe compression modes and then interleaved for 
transmission. The odd and even fields are independently 
decompressed. During intervals when valid decompressed 
odd/even field data is not available, even/odd field data is 
substituted for the. unavailable odd/even field data. 
Independently decompressing the even and odd fields of data 
and substituting the opposite field of data for unavailable 
data may be used to advantage to reduce image display latency 
during system start-up and channel changes. 

United States Patent No. 5,168,356 discloses a video 
signal encoding system that includes apparatus for segmenting 
encoded video data into transport blocks for signal 
transmission. The transport block format enhances signal 
recovery at the receiver by virtue of providing header data 
from which a receiver can determine re-entry points into the 
data stream on the occurrence of a loss or corruption of 
transmitted data . The re-entry points are maximized by 
providing secondary transport headers embedded within encoded 
video data in respective transport blocks. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide for 



5 



one or more of the functions of decimation, interpolation, 
and sharpening. This is accomplished by an array transform 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
5 cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
transformation to produce a reduced-size matrix of sample 
10 points representing the original block of data. In the case 
rpj; of interpolation, additional frequency components of zero 

%| value are inserted into the array of frequency components 

,J| after which inverse transformation produces an enlarged data 

fit sampling set without an increase in spectral bandwidth. In 

ffl 15 the case of sharpening, accomplished by a convolution or 

7 filtering operation involving multiplication of transforms of 

data and filter kernel in the frequency domain, there is 
jT£ provided an inverse transformation resulting in a set of 

01 blocks of processed data samples. The blocks are overlapped 

^ 2 0 followed by a savings of designated samples, and a discarding 

of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
25 being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United Statfes Patent No. 5,175,617 discloses a system 
and method for transmitting logmap video images through 
telephone line band-limited analog channels. The pixel 
30 organization in the logmap image is designed to match the 
sensor geometry of the human eye with a greater concentration 
of pixels at the center. The transmitter divides the 
frequency band into channels, and assigns one or two pixels 
to each channel, for example a 3KHz voice quality telephone 
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line is divided into 768 channels spaced about 3.9Kz apart. 
Each channel consists of two carrier waves in quadrature, so 
each channel can carry two pixels. Some channels are 
reserved for special calibration signals enabling the 
5 receiver to detect both the phase and magnitude of the 
received signal. If the sensor and pixels are connected 
directly to a bank of oscillators and the receiver can 
continuously receive each channel, then the receiver need not 
be synchronized with the transmitter. An TFT algorithm 
10 implements a fast discrete approximation to the continuous 
case in which the receiver synchronizes to the first frame 
% and then acquires subsequent frames every frame period. The 

Si frame period is relatively low compared with the sampling 

/I period so the receiver is unlikely to lose frame synchrony 

f!| 15 once the first frame is detected. An experimental video 

J^J telephone transmitted 4 frames per second, applied quadrature 

s coding to 1440 pixel logmap images and obtained an effective 

H : data transfer rate in excess of 40,000 bits per second. 

^ United States Patent No. 5,185,319 discloses a video 

Cft 20 compression system having odd and even fields of video signal 

\*f that are independently compressed in sequences of intraframe 

and interframe compression modes. The odd and even fields of 
independently compressed data are interleaved for 
transmission such that the intraframe even field compressed 
2 5 data occurs midway between successive fields of intraframe 
odd field compressed data. The interleaved sequence provides 
receivers with twice the number of entry points into the 
signal for decoding without increasing the amount of data 
transmitted. 

30 United States Patent No. 5,212,742 discloses an 

apparatus and method for processing video data for 
compression/decompression in real-time. The apparatus 
comprises a plurality of compute modules, in a preferred 
embodiment, for a total of four compute modules coupled in 



parallel. Each of the compute modules has a processor, dual 
port memory, scratch-pad memory, and an arbitration 
mechanism. A first bus couples the compute modules and host 
processor. Lastly, the device comprises a shared memory 
which is coupled to the host processor and to the compute 
modules with a second bus. The method handles assigning 
portions of the image for each of the processors to operate 
upon. 

United States Patent No. 5,231,484 discloses a system 
and method for implementing an encoder suitable for use with 
the proposed ISO/IEC MPEG standards. Included are three 
cooperating components or subsystems that operate to 
variously adaptively pre-process the incoming digital motion 
video sequences, allocate bits to the pictures in a sequence, 
and adaptively quantize transform coefficients in different 
regions of a picture in a video sequence so as to provide 
optimal visual quality given the number of bits allocated to 
that picture. 

United States Patent No. 5,267,334 discloses a method of 
removing frame redundancy in a computer system for a sequence 
of moving images. The method comprises defecting a first 
scene change in the sequence of moving images and generating 
a first keyframe containing complete scene information for a 
first image. The first keyframe is known, in a preferred 
embodiment, as a "forward-facing" keyframe or intraframe, and 
it is normally present in CCITT compressed video data. The 
process then comprises generating at least one intermediate 
compressed frame*, the at least one intermediate compressed 
frame containing difference information from the first image 
for at least one image following the first image in time in 
the sequence of moving images. This at least one frame being 
known as an interframe. Finally, detecting a second scene 
change in the sequence of moving images and generating a 
second keyframe containing complete scene information for an 
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image displayed at the time just prior to the second scene 
change, known as a "backward-facing 11 keyframe. The first 
keyframe and the at least one intermediate compressed frame 
are linked for forward play, and the second keyframe and the 
intermediate compressed frames are linked in reverse for 
reverse play- The intraframe may also be used for generation 
of complete scene information when the images are played in 
the forward direction. When this sequence is played in 
reverse, the backward-facing keyframe is used for the 
generation of complete scene information. 

United States Patent No. 5,276,513 discloses a first 
circuit apparatus, comprising a given number of prior-art 
image-pyramid stages, together with a second circuit 
apparatus, comprising the same given number of novel motion- 
vector stages, perform cost-effective hierarchical motion 
analysis (HMA) in real-time, with minimum system processing 
delay and/or employing minimum system processing delay and/or 
employing minimum hardware structure. Specifically, the 
first and second circuit apparatus, in response to relatively 
high-resolution image data from an ongoing input series of 
successive given pixel-density image-data frames that occur 
at a relatively high frame rate (e.g. , 3 0 frames per second) , 
derives, after a certain processing-system delay, an ongoing 
output series of successive given pixel-density vector-data 
frames that occur at the same given frame rate. Each vector- 
data frame is indicative of image motion occurring between 
each pair of successive image frames. 

United States Patent No. 5,283,64 6 discloses a method 
and apparatus for enabling a real-time video encoding system 
to accurately deliver the desired number of bits per frame, 
while coding the image only once, updates the quantization 
step size used to quantize coefficients which describe, for 
example, an image to be transmitted over a communications 
channel. The data is divided into sectors, each sector 
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including a plurality of blocks. The blocks are encoded, for 
example, using DCT coding, to generate a sequence of 
coefficients for each block. The coefficients can be 
quantized, and depending upon the quantization step, the 
5 number of bits required to describe the data will vary 
significantly. At the end of the transmission of each sector 
of data, the accumulated actual number of bits expended is 
compared with the accumulated desired number of bits 
expended, for a selected number of sectors associated with 

10 the particular group of data. The system then readjusts the 
quantization step size to target a final desired number of 
data bits for a plurality of sectors, for example describing 
an image. Various methods are described for updating the 
quantization step size and determining desired bit 

15 allocations. 

The article, Chong, Yong M. , A Data-Flow Architecture 
for Digital Image Processing , Wescon Technical Papers: No. 
2 Oct. /Nov. 1984, discloses a real-time signal processing 
system specifically designed for image processing. More 

20 particularly, a T^oken based data-flow architecture is 
disclosed wherein the tokens are of a fixed one word width 
having a fixed width address field. The system contains a 
plurality of identical flow processors connected in a ring 
fashion- The tokens contain a data field, a control field 

25 and a tag. The tag field of the token is further broken down 
into a processor address field and an identifier field. The 
processor address field is used to direct the tokens to the 
correct data-flow processor, and the identifier field is used 
to label the data such that the data-flow processor knows 

30 what to do with the data. In this way, the identifier field 
acts as an instruction for the data-flow processor. The 
system directs each token to a specific data-flow processor 
using a module number (MN) . If the MN matches the MN of the 
particular stage, then the appropriate operations are 
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performed upon the data. If unrecognized, the token is 
directed to an output data bus. 

The article, Kimori, S. et al. An Elastic Pi pel ine 
Mechanism bv Self -Timed Circuits , IEEE J. of Solid-state 
5 Circuits, Vol. 23, No. 1, February 1988, discloses an elastic 
pipeline having self -timed circuits. The asynchronous 
pipeline comprises a plurality of pipeline stages. Each of 
the pipeline stages consists of a group of input data latches 
followed by a combinatorial logic circuit that carries out 

10 logic operations specific to the pipeline stages. The data 
latches are simultaneously supplied with a triggering signal 
generated by a data-transfer control circuit associated with 
that stage. The data-transfer control circuits are 

interconnected to form a chain through which send and 

15 acknowledge signal lines control a hand-shake mode of data 
transfer between the successive pipeline stages. 
Furthermore, a decoder is generally provided in each stage to 
select operations to be done on the operands in the present 
stage. It is also possible to locate the decoder in the 

20 preceding stage in order to pre-decode complex decoding 
processing and to alleviate critical path problems in the 
logic circuit. The elastic nature of the pipeline eliminates 
any centralized control since all the interworkings between 
the submodules are determined by a completely localized 

25 decision and, in addition, each submodule can autonomously 
perform data buffering and self-timed data-transfer control 
at the same timex Finally, to increase the elasticity of the 
pipeline, empty stages are interleaved between the occupied 
stages in order to ensure reliable data transfer between the 

3 0 stages. 

United States Patent No. 5,278,646 discloses an improved 
technique for decoding wherein the number of coefficients to 
be included in each sub-block is selectable, and a code 
indicating the number of coefficients within each layer is 
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was operated on by a two line one shot predictor, coded using 
run length encoding into code words of four, eight or twelve 
bits and packed into sixteen bit data words. This described 
decompressor, then, unpacks the data by joining together the 
sixteen bit data words and then separately the individual 
code words, converts the code words into a number of all zero 
four bit nibbles and a terminating nibble containing one or 
more one bits which constitutes decoded data, inspects the 
actual video of the preceding scan line and the previous 
video bits of the present line to produce depredictor 
bits and compares the decoded data and depredictor bits to 
% produce the final actual video. 

M United States Patent No. 5,060,242 discloses an image 

signal processing system DPCM encodes the signal, then 
f|| 15 Huffman and run length encodes the signal to produce variable 

* length code words, which are then tightly packed without gaps 

r for efficient transmission without loss of any data. The 

t;- tightly packed apparatus has a barrel shifter with its shift 

y~ modulus controlled by an accumulator receiving code word 

SI 20 length information. An OR gate is connected to the shifter, 

while a register is connected to the gate. Apparatus for 
processing a tightly packed and decorrelated digital signal 
has a barrel shifter and accumulator for unpacking, a Huffman 
and run length decoder, and an inverse DCPM decoder. 
25 United States Patent No. 5,168,375 discloses a method 

for processing a field of image data samples to provide for 
one or more of the functions of decimation, interpolation, 
and sharpening is accomplished by use of an array transform 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
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transformation to produce a reduced-size matrix of sample 
points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
5 after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 
10 provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
15 number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United States Patent No. 5,231,436 discloses a high 
20 definition video system processes a bitstream including high 
and low priority variable length coded Data words. The coded 
Data is separated into packed High Priority Data and packed 
Low Priority Data by means of respective data packing units. 
The coded Data is continuously applied to both packing units. 
25 High Priority and Low Priority Length words indicating the 
bit lengths of high priority and low priority components of 
the coded Data are applied to the high and low priority data 
packers, respectively. The Low Priority Length word is 
zeroed when high Priority Data is to be packed for transport 
via a first output path, and the High Priority Length word is 
zeroed when Low Priority Data is to be packed for transport 
via a second output path. 

United States Patent No. 5,287,178 discloses a video 
signal encoding system includes a signal processor for 
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segmenting encoded video data into transport blocks having a 
header section and a packed data section. The system also 
includes reset control apparatus for releasing resets of 
system components, after a global system reset, in a 
5 prescribed non-simultaneous phased sequence to enable signal 
processing to commence in the prescribed sequence. The 
phased reset release sequence begins when valid data is 
sensed as transmitting the data lines. 

United States Patent No. 5,124,790 to Nakayama discloses 
a reverse quantizer to be used with image memory. The 
m inverse quantizer is used in the standard way to decode 

y;| differential predictive coding method (DPCM) encoded data.] 

5 United States Patent No. 5,136,371 to Savatier et al. is 

\| directed to a de-quantizer having an adjustable quantiza- 

FU tional level which is variable and determined by the fullness 

j7jj of the buffer. The applicants state that the novel aspect of 

s their invention is the maximum available data rate that is 

10 achieved. Buffer overflow and underflow is avoided by 
Lj !: adapting the quantization step size the quantizer 152 and the 

Kf de-quantizer 156 by means of a quantizational level which is 

recalculated after each block has been encoded. The 
quantization level is calculated as a function of the amount 
15 of already encoded data for the frame, compared with the 
total buffer size. In this manner, the quantization level 
can advantageously be recalculated by the decoder and does 
not have to be transmitted. 

United States Patent No. 5,142,380 to Sakagami et al . 
20 discloses an image compression apparatus suitable for use 
with still images such as those formed by electronic still 
cameras using solid state image sensors. The quantizer 
employed is connected to a memory means from which threshold 
values of a quantization matrix for the laminate signal, Y, 
25 and rom 15 stores threshold values of a quantization matrix 
for the crominant signals I and Q. 
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United States Patent No. 5,193,002 to Guichard et al. 
disclosed an apparatus for coding/decoding image signals in 
real time in conjunction with the CCITT standard H.261. a 
digital signal processor carries out direct quantization and 
5 reverse quantization. 

United States Patent No. 5,241,383 to Chen et al. 
describes an apparatus with a pseudo-constant bit rate video 
coding achieved by an adjustable quantization parameter. The 
qunatization parameter utilized by the quantizer 3 2 is 

10 periodically adjusted to increase or decrease the amount of 
code bits generated by the coding circuit- The change in 
quantization parameters for coding the next group of pictures 
is determined by a deviation measure between the actual 
number of code bits generated by the coding circuits for the 

15 previous group of pictures in an estimate number of code bits 
for the previous group of pictures. The number of code bits 
generated by the coding circuit is controlled by controlling 
the quantizer step sizes. In general smaller quantizer step 
sizes result in more code bits in larger quantizer step sizes 

2 0 result in fewer code bits. 

United States Patent No. 5,113,255 to Nagata et al; 
5,126,842 to Andrews et al; 5,253,058 to Gharavi; 5,260,782 
to Hui; and 5,212,742 to Normile et al are included for 
background and as a general description of the art. 

25 Accordingly, those concerned with the design, 

development and use of video compression/decompression 
systems and related subsystems have long recognized a need 
for improved methods and apparatus providing enhanced 
flexibility, efficiency and performance. The present 

30 invention clearly fulfills all these needs. 



SUMMARY OF THE INVENTION 

Briefly, and in general terms, the present invention 
provides an input, an output and a plurality of processing 
stages between the input and the output, the plurality of 
processing stages being interconnected by a two-wire 
interface for conveyance of tokens along a pipeline, and 
control and/or DATA tokens in the form of universal 
adaptation units for interfacing with all of the stages in 
the pipeline and interacting with selected stages in the 
pipeline for control, data and/or combined control-data 
functions among the processing stages, whereby the processing 
stages in the pipeline are afforded enhanced flexibility in 
configuration and processing. 

Each of the processing stages in the pipeline may 
include both primary and secondary storage, and the stages in 
the pipeline are reconf igurable in response to recognition of 
selected tokens. The tokens in the pipeline are dynamically 
adaptive and may be position dependent upon the processing 
stages for performance of functions or position independent 
of the processing stages for performance of functions. 

In a pipeline machine, in accordance with the invention, 
the tokens may be altered by interfacing with the stages, and 
the tokens may interact with all of the processing stages in 
the pipeline or only with some but less than all of said 
processing stages. The tokens in the pipeline may interact 
with adjacent processing stages or with non-adjacent 
processing stages, and the tokens may reconfigure the 
processing stages. Such tokens may be position dependent for 
some functions and position independent for other functions 
in the pipeline. 

The tokens, in combination with the reconf igurable 
processing stages, provide a basic building block for the 
pipeline system. The interaction of the tokens with a 
processing stage in the pipeline may be conditioned by the 
previous processing history of that processing stage. The 
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tokens may have address fields which characterize the tokens, 
and the interactions with a processing stage may be 
determined by such address fields. 
5 In an improved pipeline machine, in accordance with the 

invention, the tokens may include an extension bit for each 
token, the extension bit indicating the presence of 
additional words in that token and identifying the last word 
in that token. The address fields may be of variable length 

10 and may also be Huffman coded. 

In the improved pipeline machine, the tokens may be 
generated by a processing stage. Such pipeline tokens may 
include data for transfer to the processing stages or the 
tokens may be devoid of data. Some of the tokens may be 

15 identified as DATA tokens and provide data to the processing 
stages in the pipeline, while other tokens are identified as 
control tokens and only condition the processing stages in 
the pipeline, such conditioning including reconfiguring of 
the processing stages. Still other tokens may provide both 

2 0 data and conditioning to the processing stages in the 

pipeline. Some of said tokens may identify coding standards 
to the processing stages in the pipeline, whereas other 
tokens may operate independent of any coding standard among 
the processing stages. The tokens may be capable of 
25 successive alteration by the processing stages in the 
pipeline . 

In accordance with the invention, the interactive 
flexibility of the tokens in cooperation with the processing 
stages facilitates greater functional diversity of the 

3 0 processing stages for resident structure in the pipeline, and 

the flexibility of the tokens facilitates system expansion 
and/or alteration. The tokens may be capable of facilitating 
a plurality of functions within any processing stage" in the 
pipeline. Such pipeline tokens may be either hardware based 
35 or software based. Hence, the tokens facilitate more 



16b 



efficient uses of system bandwidth in the pipeline. The 
tokens may provide data and control simultaneously to the 
processing stages in the pipeline, 
5 The invention may include a pipeline processing machine 

for handling plurality of separately encoded bit streams 
arranged as a single serial bit stream of digital bits and 
having separately encoded pairs of control codes and 
corresponding data carried in the serial bit stream and 
10 employing a plurality of stages interconnected by a two-wire 
interface, further characterized by a start code detector 
responsive to the single serial bit stream for generating 
Q control tokens and DATA tokens for application to the two- 

wire interface, a token decode circuit positioned in certain 
SI 15 of the stages for recognizing certain of the tokens as 

^ control tokens pertinent to that stage and for passing 

8| unrecognized control tokens along the pipeline, and a 

w reconf igurable decode and parser processing means responsive 

to a recognized control token for reconfiguring a particular 
p 2 0 stage to handle an identified DATA token. 

£^ The pipeline machine may also include first and second 

O registers, the first register being positioned as an input of 

^ the decode and parser means, with the second register 

positioned as an output of the decode and parser means. One 
25 of the processing stages may be a spatial decoder, a second 
of the stages being a token generator for generating control 
tokens and DATA tokens for passage along the two-wire 
interface. A token decode means is positioned in the spatial 
decoder for recognizing certain of the tokens as control 
3 0 tokens pertinent to the spatial decoder and for configuring 
the spatial decoder for spatially decoding DATA tokens 
following a control token into a first decoded format. 

A further stage may be a temporal decoder positioned 
downstream in the pipeline from the spatial decoder, with a 
3 5 second token decode means positioned in the temporal decoder 



for recognizing certain of the tokens as control tokens 
pertinent to the temporal decoder and for configuring the 
temporal decoder for termporally decoding the DATA tokens 
following the control token into a first decoded format. The 
temporal decoder may utilize a reconf igurable prediction 
filter which is reconf igurable by a prediction token. 

Data may be moved along the two-wire interface within 
the temporal decoder in 8x8 pel data blocks, and address 
means may be provided for storing and retrieving such data 
blocks along block boundaries. The address means may store 
and retrieve blocks of data across block boundaries. The 
address means reorders said blocks as picture data for 
display. The data blocks stored and retrieved may be greater 
and/or smaller than 8x8 pel data blocks. Circuit means may 
also be provided for either displaying the output of the 
temporal decoder or writing the output back into a picture 
memory location. The decoded format may be either a still 
picture format or a moving picture format. 

The processing stage may also include, in accordance 
with the invention, a token decoder for decoding the address 
of a token and an action identifier responsive to the token 
decoder to implement configuration of the processing stage. 
The processing stages reside in a pipeline processing machine 
having a plurality of the processing stages interconnected by 
a two-wire interface bus, with control tokens and DATA tokens 
passing over the two-wire interface. A token decode circuit 
is positioned in certain of the processing stages for 
recognizing certain of the tokens as control tokens pertinent 
to that stage and for passing unrecognized control tokens 
along the pipeline. A first input latch circuit may be 
positioned on the two-wire interface preceding the processing 
stage and a second output latch circuit may be positioned on 
the two-wire interface succeeding the processing stage. The 
token decode circuit is connected to the two-wire interface 
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through the first input latch. Predetermined processing 
stages may include a decoding circuit connected to the output 
of a predetermined data storage device, whereby each 
5 processing stage assumes the active state only when the stage 
contains a predetermined stage activation signal pattern and 
remains in the activation mode until the stage contains a 
predetermined stage deactivation pattern. 

In accordance with the invention, one of the stages is 
10 a Start Code Detector for receiving the input and being 
adapted to generate and/or convert the tokens. The Start 
Code Detector is responsive to data to create tokens, 
O searches for and detects start codes and produces tokens in 

%j response thereto, and is capable of detecting overlapping 

St 15 start codes, whereby the first start code is ignored and the 

r J;J second start code is used to create start code tokens. 

[Ill The Start Code Detector stage is adapted to search an 

m input data stream in a search mode for a selected start code. 

The detector searches for breaks in the data stream, and the 
O 2 0 search may be made of data from an external data source. The 

PI Start Code Detector stage may produce a START CODE token, a 

Q PICTURE_START token, a SLI CE_START token, a P I CTITRE_END 

^ token, a SEQUENCE_START token, a SEQUENCE_END token, and/or 

a GROUP_START token. The Start Cede Detector stage may also 

2 5 perform a padding function by adding bits to the last word of 

a token. 

The Start Code Detector may provide, in a machine for 
handling a plurality of separately encoded bit streams 
arranged as a serial bit stream of digital bits and having 

3 0 separately encoded pairs of start codes and data carried in 

the serial bit stream, a Start Code Detector subsystem having 
first, second and third registers connected in serial 
fashion, each of the registers storing a different number of 
bits from the bit stream, the first register storing a value, 
35 the second register and a first decode means identifying a 
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start code associated with the value contained in said first 
register. Circuit means shift the latter value to a 
predetermined end of the third register, and a second decode 
5 means is arranged for accepting data from the third register 
in parallel. 

A memory may also be provided which is responsive to the 
second decode means for providing one or more control tokens 
stored in the memory as a result of the decoding of the value 

10 associated with the start code. A plurality of tag shift 
registers may be provided for handling tags indicating the 
validity of data from the registers. The system may also 
include means for accessing the input data stream from a 
microprocessor interface, and means for formatting and 

15 organizing the data stream. 

In accordance with the invention, the Start Code 
Detector may identify start codes of varying widths 
associated with differently encoded bit streams. The 
detector may generate a plurality of DATA Tokens from the 

20 input data stream. Further in accordance with the invention, 
the system may be a pipeline system and the Start Code 
Detector may be positioned as the first processing stage in 
the pipeline. 

The present invention also provides, in a digital 
25 picture information processing system, means for selectively 
configuring the system to process data in accordance with a 
plurality of different picture compression/decompression 
standards. The* picture standards may include JPEG , MPEG , 
and/or H.261, or any other standards and any combination of 
3 0 such picture standards, without departing in any way from the 
spirit and scope of the invention. In accordance with the 
invention, the system may include a spatial decoder for video 
data and having a Huffman decoder, an index to data and an 
arithmetic logic unit with a microcode ROM having separate 
35 stored programs for each of a plurality of different picture 
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signals HIGH . 

Comparing the state of the pipeline in Cycle 4 and Cycle 
5, it can be seen that the provision of secondary storage 
elements, enables the pipeline embodiment shown in Fig. 2 to 
5 expand, that is, to free up data storage elements into which 
valid data can be advanced. For example, in Cycle 4, the 
data blocks Dl, D2 and D3 form a "solid wall" since their 
data cannot be transferred until the ACCEPT signal into Stage 
F goes HIGH* Once this signal does become HIGH, however, 

10 data Dl is shifted out of the pipeline, data D2 is shifted 
into the primary storage elements of Stage F, and the 
secondary storage elements of Stage F become free to accept 
new data if the following device is not able to receive the 
data D2 and the pipeline must once again "compress." This is 

15 shown in Cycle 6, for which the data D3 has been shifted into 
the secondary storage elements of Stage F and the data D4 has 
been passed on from Stage D to Stage £ as normal. 

Figs. 3a(l), 3a(2), 3b(l) and 3b(2) {which are referred to 
collectively as Fig. 3) illustrate generally a preferred 

20 embodiment of the pipeline. This preferred embodiment 
implements the structure shown in Fig. 2 using a two-phase, 
non-overlapping clock with phases oO and ol. Although a two- 
phase clock is preferred, it will be appreciated that it is 
also possible to drive the various embodiments of the 

25 invention using a clock with more than two phases. 

As shown in Fig. 3, each pipeline stage is represented as 
having two separate boxes which illustrate the primary and 
secondary storage elements. Also, although the VALID signal 
and the data lines connect the various pipeline stages as 

: c oefore, for ease of illustration, only the ACCEPT signal is 
snown in Fig. 3. A change of state during a clock phase of 
certain of the ACCEPT signals is indicated m Fig. 3 using an 
upward- pointing arrow fcr changes from LOW to HlCr. . 
Sir.ilariy, a downward-pointing arrow for changes from HIGH :: 
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standard. At least some of the processing stages reconfigure 
in response to the CODING_STANDARD token. 

One of the processing stages in the system may be a 
5 Huffman decoder and parser and, upon receipt of a 
CODING_STANDARD control token, the parser is reset to an 
address location corresponding to the location of a program 
for handling the picture standard identified by the 
CODING_STANDARD control token. A reset address may also be 
10 selected by the CODING_STANDARD control token corresponding 
to a memory location used for testing the Huffman decoder and 
parser. 

The Huffman decoder may include a decoding stage and an 
Index to Data stage, and the parser stage may send an 

15 instruction to the Index to Data Unit to select tables needed 
for a particular identified coding standard, the parser stage 
indicating whether the arriving data is inverted or not. 

The af oredescribed tokens may take the form of an 
interactive metamorphic interfacing token. 

20 The present invention also provides a system for 

decoding video data, having a Huffman decoder, an index to 
data (ITOD) stage, an arithmetic logic unit (ALU) , and a data 
buffering means immediately following the system, whereby 
time spread for video pictures of varying data size can be 

25 controlled. 

The system may include a spatial decoder having a two- 
wire interface intercon-necting processing stages, the 
interface enabling serial processing for data and parallel 
processing for control. 

3 0 As previously indicated, the system may further include 

a ROM having separate stored programs for each of a plurality 
of picture standards, the programs being selectable by a 
token to facilitate processing for a plurality of different 
picture standards . 
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The spatial decoder system also includes a token 
formatter for formatting tokens, so that DATA tokens are 
created. 

5 The system may also include a decoding stage and a 

parser stage for sending an instruction to the Index to Data 
Unit to select tables needed for a particular identified 
coding standard, the parser stage indicating whether the 
arriving data is inverted or not. The tables may be arranged 
10 within a memory for enabling multiple use of the tables where 
appropriate, 

ill The present invention also provides a pipeline system 

having an input data stream, and a processing stage for 
\| receiving the input data stream, the stage including means 

Rl 15 for recognizing specified bit stream patterns, whereby said 

r ! J stage facilitates random access and error recovery. In 

3 accordance with the invention, the processing stage may be a 

&l start code detector and the bit stream patterns may include 

start codes. Hence, *the invention provides a search-mode 
y| 2 0 means for searching differently encoded data streams arranged 

^ as a single serial stream of data for allowing random access 

and enhanced error recovery. 

The present invention also provides a pipeline machine 

having means for performing a stop-after-picture operation 
25 for achieving a clear end to picture data decoding, for 

indicating the end of a picture, and for clearing the 

pipeline, wherein such means generates a combination of a 

PICTURE_END tokem and a FLUSH token. 

The present invention also provides, in a pipeline 
30 machine, a fixed size, fixed width buffer and means for 

padding the buffer to pass an arbitrary number of bits 

through the buffer. The padding means may be a start code 

detector . 

Padding may be performed only on the last word of a 
35 token and padding insures uniformity of word size. In 



accordance with the invention, a reconf igurable processing 
stage may be provided as a spatial decoder and the padding 
means adds to picture data being handled by the spatial 
decoder sufficent additional bits such that each decompressed 
picture at the output of the spatial decoder is of the same 
length in bits. 

The present invention also provides, in a system having 
a data stream including run length code, an inverse modeller 
means active upon the data stream from a token for expending 
out the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The token may be a DATA token. 

The inverse modeller means blocks tokens which lack the 
specified number of values, and the specified number of 
values may be 64 coefficients in a presently preferred 
embodiment of the invention. 

The practice of the invention may include an expanding 
circuit for accepting a DATA token having run length codes 
and decoding the run length codes. A padder circuit in 
communication with the expanding circuit checks that the DATA 
token has a predetermined length so that if the DATA token 
has less than the predetermined length, the padder circuit 
adds units of data to the DATA token until the predetermined 
length is achieved. A bypass circuit is also provided for 
bypassing any token other than a DATA token around the 
expanding circuit and the padding circuit. 

In accordance with the invention, a method is provided 
for data to efficiently fill a buffer, including providing 
first type tokens having a first predetermined width, and at 
least one of the following formats: 

Format A - ExxxxxxLLLLLLLLLLL 

Format B - ERRRRRRLLLLLLKLLLL 

Format C - E 0 0 0 0 0 0 LLLLLLLLLLL 
where E=extention bit; F^specifics format; R=run bit; 
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L=length bit or non-data token; x«" don't care" bit, splitting 
format A tokens into a format Oa token having a form of 
ELLLLLLLLLLL, splitting format B tokens into a format 1 token 
5 having the form of FRRRRRR0 00OO and a format Oa data token, 
splitting format C tokens into a format 0 token having the 
form of FLLLLLLLLLLL , and packing format 0, format Oa and 
format 1 tokens into a buffer, having a second predetermined 
width . 

10 The invention also provides an apparatus for providing 

a time delay to a group of compressed pictures, the pictures 
corresponding to a video compression/ decompression standard, 
wherein words of data containing compressed pictures are 
counted by a counter circuit and a microprocessor, in 

15 communication with the counter circuit and adapted to receive 
start-up information consistent with the standard of video 
decompression, communicates the start-up information to the 
counter circuit. 

An inverse modeller circuit, for accepting the words of 

20 data and capable of delaying the words of data, is in 
communication with a control circuit intermediate the counter 
circuit and the inverse modeller circuit, the control circuit 
also communicating with the counter circuit which compares 
the start-up information with the counted words of data and 

25 signals the control circuit. The control circuit queues the 
signals in correspondence to the words of data that have met 
the start-up criterion and controls the inverse modeller 
delay feature. » 

The present invention also provides in a pipeline system 

30 having an inverse modeller stage and an inverse discrete 
cosine transform stage, the improvement characterized by a 
processing stage, positioned between the inverse modeller 
stage and the inverse discrete cosine transform stage, 
responsive to a token table for processing data. 
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In accordance with the invention, the token may be a 
QUANTJTABLE token for causing the processing stage to 
generate a quantization table. 
5 The present invention also provides a Huffman decoder 

for decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were coded, 

10 and comprising means for receiving the Huffman coded data 
words, means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, means for converting the data words to JPEG Huffman 
coded data words, if necessary, in response to reading the 

15 identifier that identifies the Huffman coded data words as 
H.261 or MPEG Huffman coded, means operably connected to the 
Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 

2 0 means, and means for operating a lookup table containing a 

Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output -that 
25 is a decoded data word corresponding to the index number. 

The invention further relates, in varying degrees of 
scope, to a method for decoding data words encoded according 
to the Huffman .coding provisions of either H.261, JPEG or 
MPEG standards, the data words including an identifier that 

3 0 identifies the Huffman code standard under which the data 

words were coded, such steps comprising receiving the Huffman 
coded data words, including reading the identifier to 
determine which standard governed the Huffman coding of the 
received data words, if necessary/ in response to reading the 
35 identifier that identifies the Huffman coded data words as 
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H.261 or MPEG Huffman coded, generating an index number 
associated with each JPEG Huffman coded data word received, 
operating a lookup table containing a Huffman code table 
having the format used under the JPEG standard to transmit 
JPEG Huffman table information, including receiving an index 
number, and generating a decoded data word corresponding to 
the received index number. 

The above and other objectives and advantages of the 
invention will become apparent from the following more 
detailed description when taken in conjunction with the 
accompanying drawings . 
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DESCRIPTION* OF THE DRAWINGS 

Figure. 1 illustrates six cycles of a six-stage pipeline for 
different combinations of two internal control signals; 
5 Figures. 2a and 2b illustrate a pipeline in which each stage 
includes auxiliary data storage. They also show the manner 
in which pipeline stages can "compress" and "expand" in 
response to delays in the pipeline; 

Figures. 3a(l), 3a(2), 3b(l) and 3b(2) illustrate the control 
10 of data transfer between stages of a preferred embodiment of 
a pipeline using a two-wire interface and a multi-phase 
clock; 

Figure. 4 is a block diagram that illustrates a basic 
embodiment of a pipeline stage that incorporates a two-wire 
15 transfer control and also shows two consecutive pipeline 
processing stages with the two-wire transfer control; 
Figures. 5a and 5b taken together depict one example of a 
timing diagram that shows the relationship between timing 
signals, input and output data, and internal control signals 

2 0 used in the pipeline stage as shown in Figure. 4; 

Figure. 6 is a block diagram of one example of a pipeline 
stage that holds its state under the control of an extension 
bit; 

Figure. 7 is a block diagram of a pipeline stage that decodes 
25 stage activation data words; 

Figures. 8a and 8b taken together form a block diagram 
showing the use of the two-wire transfer control in an 
exemplifying "data duplication" pipeline stage; 
Figures. 9a and 9b taken together depict one example of a 

3 0 timing diagram that shows the two-phase clock, the two-wire 

transfer control signals and the other internal data and 
control signals used in the exemplifying embodiment shown in 
Figures. 8a and 8b. 

Figure 10 is a block diagram of a reconf igurable processing 
3 5 stage; 
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Figure 11 is a block diagram of a spatial decoder; 
Figure 12 is a block diagram of a temporal decoder; 
Figure 13 is a block diagram of a video formatter ; 
5 Figures 14a-c show- various arrangements of memory blocks used 
in the present invention: 

Figure 14a is a memory map showing a first 
arrangement of macroblocks ; 

Figure 14b is a memory map showing a second 
10 arrangement of macroblocks; 

Figure 14c is a memory map showing a further 
arrangement of macroblocks ; 
Figure 15 shows a Venn diagram of possible table selection 
values ; 

15 Figure 16 shows the variable length of picture data used in 
the present invention; 

Figure 17 is a block diagram of the temporal decoder 
including the prediction filters; 
H: Figure 18 is a pictorial representation of the prediction 

^ 2 0 filtering process; 

Figure 19 shows a generalized representation of the 
macroblock structure; 

Figure 2 0 shows a generalized block diagram of a Start Code 
Detector; 

25 Figure 21 illustrates examples of start codes in a data 
stream ; 

Figure 22 is a block diagram depicting the relationship 
between the flag generator, decode index, header 
generator, extra word generator and output latches; 
3 0 Figure 23 is a block diagram of the Spatial Decoder DRAM 
interface ; 

Figure 2 4 is a block diagram of a write swing buffer; 
Figure 25 is a pictorial diagram illustrating prediction data 
offset from the block being processed; 
35 Figure 26 is a pictorial diagram illustrating prediction data 
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A.19.3.3 Picture layer 

The start of a new picture is indicated by the PICTURE_START Token. After 
this Token, there will be TEMPORAL_REFERENCE and PICTUREJTYPE Tokens. The 
5 temporary reference information may be useful if the Temporal Decoder is not 

configured to provide picture re-ordering. The picture type information may be useful if 
a display system wants to specially process B pictures at the start of an open GOP (see 
Section A. 19.3.8). 

Each picture is composed of a number of slices. 

10 A.19.3.4 Slice layer 

Section A. 19.2.2.2 discusses the group of blocks used in H.261. The slice in 
MPEG serves a similar function. However, the slice structure is not fixed by the 
standard. The 8 bit value carried by the SLICE_START Token is one less than the 
"slice vertical position" communicated by MPEG. See the draft MPEG standard for a 
1 5 description of the slice layer. 

By the time SLICE_START reaches the output of the Temporal Decoder, this 
information is effectively redundant since the Spatial Decoder and Temporal Decoder 
have already used the information to ensure that each picture contains the correct 
number of blocks in the correct positions. Hence, it should be possible to compute 
20 where to position a block of data output by the Temporal Decoder just by counting the 
number of blocks that have been output since the start of the picture. 

See section A. 19.3.7 for discussion of the effects of using MPEG picture re- 
ordering. 

A. 19.3.5 Macroblock layer 
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Each macroblock contains 6 blocks. These appear at the output of the Temporal 
Decoder in raster order (as specified by the draft MPEG specification). 
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transfers ; 
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25 Figure 48 
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signal ; 

Figure 50 

3 0 strobe signals; 

Figure 51 
a strobe ; 
Figure 52 
a strobe ; 
35 Figure 53 
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Figure 55 
the memory map; 
Figure 56 
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circuit; 
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Figure 65 



shows a typical decoder system; 

shows a JPEG still picture decoder; 

shows a JPEG video decoder; 

shows a multi-standard video decoder; 

shows the start and the end of a token; 

shows a token address and data fields; 

shows a token on an interface wider than 

shows a macroblock structure; 

shows a two-wire interface protocol; 

shows the location of external two-wire 

shows clock propagation; 

shows two-wire interface timing; 

shows examples of access structure; 

shows a read transfer cycle; 

shows an access start timing; 

shows an example access with two write 

shows a read transfer cycle; 
shows a write transfer cycle; 
shows a refresh cycle; 

shows a 32 bit data bus and a 256 kbit 
row address) ; 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows an MP I read timing; 

shows an MPI write timing; 

shows organization of large integers in 

shows a typical decoder clock regime; 

shows input clock requirements; 

shows the Spatial Decoder; 

shows the inputs and outputs of the input 

shows the coded port protocol ; 
shows the start code detector; 
shows start codes detected and converted 

shows the start codes detector-* passing 

shows overlapping MPEG start codes (byte 

shows overlapping MPEG start codes (not 
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byte aligned) ; 

Figure 66 shows 
sequences ; 

5 Figure 67 shows 
insertion; 

Figure 68 shows 

Figure 69 shows 
output ; 

10 Figure 7 0 shows 

Figure 71 shows 

Figure 72 shows 

Figure 73 shows 

Figure 74 shows 

15 macroblock; 
Figure 75 
from pel ones; 

Figure 7 6 shows 

Figure 77 shows 

20 quantization; 

Figure 78 shows 

quantization ; 

Figure 79 shows 

quantization; 

25 Figure 80 shows 

Figure 81 shows 
sequential structure; 

Figure 82 shows 

Figure 83 shows 

3 0 Figure 84 shows 

Figure 85 shows 

Figure 86 shows 
output ; 

Figure 87 shows 

3 5 and output ; 

Figure 88 shows 
output ; 

Figure 89 shows 

Figure 90 shows 

4 0 Figure 91 shows 

Figure 92 shows 
Figure 93 * shows 

Figure 94 shows 
blocks; 

45 Figure 95 shows 

Figure 96 shows 
macroblocks ; 

Figure 97 shows 

Figure 98 shows 

50 Figure 99 shows 
blocks; 

Figure 100 shows 

Figure 101 shows 



jumping between two video 

a sequence of extra Token 

decoder start-up control; 
enabled streams queued before the 

a spatial decoder buffer; 
a buffer pointer; 
a video demux; 

a construction of a picture; 
a construction of a 4:2:2 

shows a calculating macroblock dimension 



spatial decoding; 
an overview of H.2 61 inverse 

an overview of JPEG inverse 

an overview of MPEG inverse 

a quantization table memory map; 
an overview of JPEG baseline 

a tokenised JPEG picture; 

a temporal decoder; 

a picture buffer specification; 

an MPEG picture sequence (m=3); 

how "I" pictures are stored and 

how "P" pictures are formed, stored 

how " B " pi ctures are f ormed and 

P picture formation; 

H.261 prediction formation; 

an H.2 61 "sequence"; 

a hierarchy of H.261 syntax; 

an H.261 picture layer; 

an H.2 61 arrangement of groups of 

an H.261 "slice" layer; 

an H.261 arrangement of 

an H.261 sequence of blocks; 

an H.2 61 macroblock layer; 

an H.2 61 arrangement of pels in 

a hierarchy of MPEG syntax; 
an MPEG sequence layer; 
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shows an MPEG group of pictures layer; 
shows an MPEG picture layer; 
shows an MPEG "slice 11 layer; 
shows an MPEG sequence of blocks; 
shows an MPEG macroblock layer; 
shows an "open GOP"; 
shows examples of access structure; 
shows access start timing; 
shows a fast page read cycle; 
shows a fast page write cycle; 
shows a refresh cycle; 

shows extracting row and column address 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows a Huffman decoder and parser; 
shows an H*26i and an MPEG AC Coefficient 
Decoding Flow Chart; 

Figure 12 0 shows a block diagram for JPEG (AC and 

DC) coefficient decoding; 

Figure 121 shows a flow diagram for JPEG (AC and DC) 

coefficient decoding; 
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Figure 103 
Figure 104 
Figure 105 
Figure 106 
Figure 107 
Figure 108 
Figure 109 
Figure 110 
Figure 111 
Figure 112 
Figure 113 

from a chip address; 
Figure 114 
signal ; 
Figure 115 
strobe signals; 
Figure 116 
a strobe; 
Figure 117 
a strobe; 
Figure 118 
Figure 119 



Figure 122 
Formatter ; 
Figure 123 
Figure 124 
Decoding ; 
Figure 125 
Figure 126 
ALU; 

Figure 127 
Figure 128 
Figure 129 
Figure 13 0 
Figure 131 
Figure 13 2 
Figure 133 
Figure 134 
Figure 13 5 
Figure 13 6 
Figure 137 
Figure 13 8 
Figure 13 9 
Figure 14 0 



shows an interface to the Huffman Token 

shows a token formatter block diagram; 
shows an H.261 and an MPEG AC Coefficient 

shows the interface to the Huffman ALU; 
shows the basic structure of the Huffman 



shows the buffer manager; 
shows an imodel and hsppk block diagram; 
shows an imex state diagram; 
illustrates the buffer start-up; 
shows a DRAM interface; 
shows a write swing buffer; 
shows an arithmetic block; 
shows an iq block diagram; 
shows an iqca state machine; 
shows an IDCT 1-D Transform Algorithm; 
shows an IDCT 1-D Transform Architecture; 
shows a token stream block diagram; 
shows a standard block structure; 
is a block diagram showing; 
microprocessor test access; 

Figure 141 shows 1-D Transform Micro-Architecture; 
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Figure 142 
Figure 143 
interface stage; 
Figure 14 4 
diagram; 
Figure 14 5 
Figure 14 6 
Figure 147 
Figure 148 
Figure 14 9 
Figure 150 
Figure 151 
Figure 152 
Figure 153 
Figure 154 
Figure 155 



shows a temporal decoder block diagram; 
shows the structure of a Two-wire 

shows the address generator block 



shows the block and pixel offsets; 
shows multiple prediction filters; 
shows a single prediction filter; 
shows the 1-D prediction filter; 
shows a block of pixels; 
shows the structure of the read rudder; 
shows the block and pixel offsets; 
shows a prediction example; 
shows the read cycle; 
shows the write cycle; 

shows the top-level registers block 
diagram with timing references; 
Figure 156 shows the 

presentation numbers; 

Figure 157 shows the buffer manager state machine 

(complete) ; 

Figure 158 shows the state machine main loop; 

Figure 159 shows the buffer 0 containing an SIF (22 

by 18 macroblocks) picture; 

Figure 160 shows the SIF component 0 with a display 

window; 

Figure 161 shows an example picture format showing 

storage block address; 

Figure 162 shows a buffer 0 containing a SIF (22 by 

18 macroblocks) picture; 



control for incrementing 



Figure 163 
Figure 164 
machine ; 
Figure 165 
Figure 166 
datapath; 
Figure 167 
Figure 168 
and 

Figure 169 
converter ♦ 



shows an example address calculation; 
shows a write address generation state 



shows a slice of the datapath; 
shows a two cycle operation 



of the 



shows mode 1 filtering; 

shows a horizontal up-sampler datapath; 
shows the structure of the color-space 
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In the ensuing description of the practice of the 
invention, the following terms are frequently used and are 
generally defined by the following glossary: 
5 GLOSSARY 

BLOCK: An 8 -row by 8-column matrix of pels, or 64 DCT 
coefficients (source, quantized or dequantized) . 
CHROMINANCE (COMPONENT): A matrix, block or single pel 
representing one of the two color difference signals related 
10 to the primary colors in the manner defined in the bit 
stream. The symbols used for the color difference signals 
are Cr and Cb. 

CODED REPRESENTATION: A data element as represented in its 
encoded form. 

15 CODED VIDEO BIT STREAM: A coded representation of a series of 
one or more pictures as defined in this specification. 
CODED ORDER: The order in which the pictures are transmitted 
and decoded . This order is not necessarily the same as the 
display order. 

20 COMPONENT: A matrix, block or single pel from one of the 
three matrices (luminance and two chrominance) that make up 
a picture. 

COMPRESSION: Reduction in the number of bits used to 
represent an item of data. 
25 DECODER: An embodiment of a decoding process. 

DECODING (PROCESS): The process defined in this specification 
that reads an input coded bitstream and produces decoded 
pictures or audio samples. 

DISPLAY ORDER: The order in which the decoded pictures are 
3 0 displayed. Typically, this is the same order in which they 
were presented at the input of the encoder. 

ENCODING (PROCESS): A process, not specified in this 
specification, that reads a stream of input pictures or audio 
samples and produces a valid coded bitstream as defined in 
35 this specification. 



INTRA CODING: Coding of a macroblock or picture that uses 
information only from that macroblock or picture. 
LUMINANCE (COMPONENT): A matrix, block or single pel 
representing a monochrome representation of the signal and 
related to the primary colors in the manner defined in the 
bit stream. The symbol used for luminance is Y. 
MACROBLOCK: The four 8 by 8 blocks of luminance data and the 
two (for 4:2:0 chroma format) four (for 4:2:2 chroma format) 
or eight (for 4:4:4 chroma format) corresponding 8 by 8 
blocks of chrominance data coming from a 16 by 16 section of 
the luminance component of the picture. Macroblock is 
sometimes used to refer to the pel data and sometimes to the 
coded representation of the pel values and other data 
elements defined in the macroblock header of the syntax 
defined in this part of this specification. To one of 
ordinary skill in the art, the usage is clear from the 
context . 

MOTION COMPENSATION: The use of motion vectors to improve the 
efficiency of the prediction of pel values. The prediction 
uses motion vectors to provide offsets into the past and/or 
future reference pictures containing previously decoded pel 
values that are used to form the prediction error signal. 
MOTION VECTOR: A two-dimensional vector used for motion 
compensation that provides an offset from the coordinate 
position in the current picture to the coordinates in a 
reference picture. 

NON- INTRA CODING: Coding of a macroblock or picture that uses 
information both from itself and from macroblocks and 
pictures occurring at other times. 
PEL: Picture element. 

PICTURE: Source , coded or reconstructed image data. A source 
or reconstructed picture consists of three rectangular 
matrices of 8-bit numbers representing the luminance and two 
chrominance signals. For progressive video, a picture is 
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identical to a frame, while for interlaced video, a picture 
can refer to a frame, or the top field or the bottom field of 
the frame depending on the context. 
5 PREDICTION: The use of a predictor to provide an estimate of 
the pel value or data element currently being decoded. 
RECONFIGURABLE PROCESS STAGE (RPS) : A stage, which in 
response to a recognized token, reconfigures itself to 
perform various operations. 
10 SLICE: A series of macroblocks. 

TOKEN: A universal adaptation unit in the form of an 
interactive interfacing messenger package for control and /or 
data functions . 

START CODES [SYSTEM AND VIDEO] : 32-bit codes embedded in a 
15 coded bitstream that are unique. They are used for several 
purposes including identifying some of the structures in the 
coding syntax. 

VARIABLE LENGTH CODING; VLC: A reversible procedure for 
coding that assigns shorter code-words to frequent events and 
20 longer code-words to less frequent events. 

VIDEO SEQUENCE: A series of one or more pictures. 
Detailed Descriptions 



DESCRIPTION OF THE PREFERRED EMBODIMENT < S ) 

As an introduction to the most general features used in a 
pipeline system which is utilized in the preferred 
embodiments of the invention, Fig. 1 is a greatly simplified 
illustration of six cycles of a six-stage pipeline. (As is 
explained in greater detail below, the preferred embodiment 
of the pipeline includes several advantageous features not 
shown in Fig 1 . ) . 

Referring now to the drawings, wherein like reference 
numerals denote like or corresponding elements throughout the 
various figures of the drawings, and more particularly to 
Fig. 1, there is shown a block diagram of six cycles in 
practice of the present invention. Each row of boxes 
illustrates a cycle and each of the different stages are 
labelled A-F, respectively . Each shaded box indicates that 
the corresponding stage holds valid data, i.e., data that is 
to be processed in one of the pipeline stages. After 
processing (which may involve nothing more than a simple 
transfer without manipulation of the data) valid data is 
transferred out of the pipeline as valid output data. 

Note that an actual pipeline application may include more 
or fewer than six pipeline stages . As will be appreciated, 
the present invention may be used with any number of pipeline 
stages. Furthermore , data may be processed in more than one 
stage and the processing time for different stages can 
differ. 

In addition to clock and data signals (described below) , 
the pipeline includes two transfer control signals — a 
"VALID" signal and an "ACCEPT" signal. These signals are 
used to control the transfer of data within the pipeline. 
The VALID signal, which is illustrated as the upper of the 
two lines connecting neighboring stages, is passed in a 
forward or downstream direction from each pipeline stage to 
the nearest neighboring device. This device may be another 
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pipeline stage or some other system. For example, the last 
pipeline stage may pass its data on to subsequent processing 
circuitry. The ACCEPT signal, which is illustrated as the 
lower of the two lines connecting neighboring stages, passes 
in the other direction upstream to a preceding device. 

A data pipeline system of the type used in the practice of 
the present' invention has, in preferred embodiments, one or 
more of the following characteristics: 

1. The pipeline is "elastic" such that a delay at a 
particular pipeline stage causes the minimum disturbance 
possible to other pipeline stages. Succeeding pipeline 
stages are allowed to continue processing and, therefore, 
this means that gaps open up in the stream of data 
following the delayed stage. Similarly, preceding 
pipeline stages may also continue where possible. In this 
case, any gaps in the data stream may, wherever possible, 
be removed from the stream of data. 

2. Control signals that arbitrate the pipeline are 
organized so that they only propagate to the nearest 
neighboring pipeline stages. In the case of signals 
flowing in the same direction as the data flow, this is 
the immediately succeeding stage. In the case of signals 
flowing in the opposite direction to the data flow, this 
is the immediately preceding stage. 

3. The data in the pipeline is encoded such that many 
different types of data are processed m the pipeline. 
This encoding accommodates data packets of variable size 
and the si2e of the packet need not be known m advance. 

4. The overhead associated with describing the type of 
data is as small as possible. 

5. It is possible for each pipeline stage to recognize 
only the minimum number of data types that are needed for 
its required function. It should, however, still be able 
to pass ail data types onto the succeeding stage ever, 
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though it does not recognize then. This enables 
communication between non-adjacent pipeline stages. 

Although not shown in Fig, 1, there are data lines, 
either single lines or several parallel lines, which form a 
data bus that also lead into and out of each pipeline stage. 
As is explained and illustrated in greater detail below, data 
is transferred into, out of, and between the stages of the 
pipeline over the data lines. 

Note that the first pipeline stage may receive data and 
control signals from any form of preceding device. For 
example, reception circuitry of a digital image transmission 
system, another pipeline, or the like. On the other hand, it 
may generate itself, all or part of the data to be processed 
in the pipeline. Indeed, as is explained below, a "stage" 
may contain arbitrary processing circuitry, including none at 
all (for simple passing of data) or entire systems (for 
example, another pipeline or even multiple systems or 
pipelines), and it may generate, change, and delete data as 
desired . 

When a pipeline stage contains valid data that is to be 
transferred down the pipeline, the VALID signal, which 
indicates data validity, need not be transferred further than 
to the immediately subsequent pipeline stage, A two-wire 
interface is, therefore, included between every pair of 
pipeline stages in the system. This includes a two-wire 
interface between a preceding device and the first stage, and 
between a subsequent device and the last stage, if such other 
devices are included and data is to be transferred between 
them and the pipeline. 

Each of the signals, ACCEPT and VALID, has a HIGH and a 
LOW value. These values are abbreviated as " H " and "L", 
respectively. The most common applications of the pipeline, 
in practicing the invention, will typically be digital. In 
such digital implementations, the HIGH value may, for 
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example, be a logical " 1" and the LOW value may be a logical 
"0". The system is not restricted to digital 

implementations, however, and in analog implementations, the 
HIGH value may be a voltage or other similar quantity above 
5 (or below) a set threshold, with the LOW value being 
indicated by the corresponding signal being below (or above) 
the same or some other threshold. For digital applications, 
the present invention may be implemented using any known 
technology, such as CMOS, bipolar etc* 
10 It is not necessary to use a distinct storage device and 

wires to provide for storage of VALID signals. This is true 
^ even in a digital embodiment. All that is required is that 

II the indication of "validity" of the data be stored along with 

J ; J the data. By way of example only, in digital television 

15 pictures that are represented by digital values, as specified 
IJf in the international standard CCIR 601, certain specific 

U| values are not allowed. In this system, eight-bit binary 

f numbers are used to represent samples of the picture and the 

values zero and 255 may not be used. 
2 0 If such a picture were to be processed in a pipeline built 

m the practice of the present invention, then one of these 
n values (zero, for example) could be used to indicate that the 

data in a specific stage in the pipeline is not valid. 
Accordingly, any non-2ero data would be deemed to be valid, 
25 In this example, there is no specific latch that can be 
identified and said to be storing the "validness" of the 
associated data. Nonetheless, the validity of the data is 
stored along with the data. 

As shown in Fig. 1, the state of the VALID signal into 
2 0 each stage is indicated -as an "H" or an M L" on an upper, 
rignt-pointed arrow. Therefore, the VALID signal from Stage 
A into Stage B is LOW, and the VALID signal from Stage D 
Stage E is HIGH. The state of the ACCEPT signal into eacr. 
stage is indicated as an "H n or an "L" on a lower, left- 
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pointing arrow. Hence, the ACCEPT signal from Stage £ into 
Stage D is HIGH, whereas the ACCEPT signal from the device 
connected downstream of the pipeline into Stage F is LOW . 
Data is transferred from one stage to another during a 
5 cycle (explained below) whenever the ACCEPT signal of the 
downstream stage into its upstream neighbor is HIGH . If the 
ACCEPT signal is LOW between two stages, then data is not 
transferred between these stages. 

Referring again to Fig, 1, if a box is shaded, the 

10 corresponding pipeline stage is assumed, by way of example, 
to contain valid output data. Likewise, the VALID signal 
which is passed from that stage to the following stage is 
HIGH. Fig. 1 illustrates the pipeline when stages B, D, and 
E contain valid data. Stages A, C, and F do not contain 

13 valid data. At the beginning, the VALID signal into pipeline 
stage A is HIGH, meaning that the data on the transmission 
line into the pipeline is valid. 

Also at this time, the ACCEPT signal into pipeline stage 
F is LOW, so that no data, whether valid or not, is 

20 transferred out of Stage F. Note that both valid and invalid 
data is transferred between pipeline stages. Invalid data, 
which is data not worth saving, may be written over, thereby, 
eliminating it from the pipeline. However, valid data must 
not be written over since it is data that must be saved for 

25 processing or use in a downstream device e.g., a pipeline 
stage, a device or a system connected to the pipeline that 
receives data from the pipeline. 

In the pipeline illustrated in Fig. 1, Stage E contains 
valid data Dl, Stage D contains valid data D2 , Stage 3 
contains valid data 03, and a device (not shown) connected to 
tne pipeline upstream contains data D4 that is to £e 
transferred into and processed in the pipeline. Stages 3, D 
and E, in addition zo the upstream device, contain valid data 
and, therefore, tne VALID signal from these stages or devices 
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into their respective following devices is HIGH. The VALID 
signal from the Stages A, C and F is, however, LOW since 
these stages do not contain valid data. 

Assume now that the device connected downstream from the 
pipeline is not ready to accept data from the pipeline. The 
device signals this by setting the corresponding acceft 
signal LOW into Stage F. Stage F itself, however, does not 
contain valid data and is, therefore, able to accept data 
from the preceding Stage E. Hence, the ACCEPT signal from 
Stage F into Stage E is set HIGH. 

Similarly, Stage E contains valid data and Stage F is 
ready to accept this data. Hence, Stage E can accept new 
data as long as the valid data Dl is first transferred to 
Stage F. In other words, although Stage F cannot transfer 
data downstream, all the other stages can do so without any 
valid data being overwritten or lost. At the end of Cycle l, 
data can, therefore, be "shifted" one step to the right. 
This condition is shown in Cycle 2. 

In the illustrated example, the downstream device is still 
not ready to accept new data in Cycle 2 and, therefore, the 
ACCEPT signal into Stage F is still LOW. stage F cannot, 
therefore, accept new data since doing so would cause valid 
data Dl to be overwritten and lost. The ACCEPT signal from 
Stage F into Stage E, therefore, goes LOW , as does the ACCEPT 
signal from Stage E into Stage D since Stage E also contains 
valid data D2 . All of the Stages A-D , however, are able to 
accept new data (either because they do not contain valid 
data or because they are able to shift their valid data 
downstream and accept new data) and they signal this 
condition to their immediately preceding neighbors by setting 
tneir corresponding ACCEPT signals HIGH . 

The state of the pipelines after Cycle 2 is illustrated in 
Fig. 1 for the row labelled Cycle 3. By way of example, it 
is assumed that the downstream device is still not ready - - 



accept new data from Stage F (the ACCEPT signal into Stage F 
is LOW) . Stages E and F , therefore, are still "blocked*', but 
in Cycle 3, Stage D has received the valid data D3 , which has 
overwritten the invalid data that was previously in this 
stage. Since Stage D cannot pass on data D3 in Cycle 3, it 
cannot accept new data and, therefore, sets the ACCEPT signal 
into Stage C LOW. However, stages A-C are ready to accept 
new data and signal this by setting their corresponding 
ACCEPT signals HIGH. Note that data D4 has been shifted from 
Stage A to Stage B. 

Assume now that the downstream device becomes ready to 
accept new data in Cycle 4. It signals this to the pipeline 
by setting the ACCEPT signal into Stage F HIGH. Although 
Stages C-F contain valid data, they can now shift the data 
downstream and are, thus, able to accept new data. Since 
each stage is therefore able to shift data one step 
downstream, they set their respective ACCEPT signals out 
HIGH. 

As long as the ACCEPT signal into the final pipeline stage 
(in this example, Stage F) is HIGH, the pipeline shown m 
Fig. 1 acts as a rigid pipeline and simply shifts data one 
step downstream on each cycle. Accordingly, in Cycle 5, data 
Dl, which was contained in Stage F in Cycle 4, is shifted out 
of the pipeline to the subsequent device, and all other data 
is shifted one step downstream. 

Assume now, that the ACCEPT signal into Stage F goes LOW 
in Cycle 5. Once again, this means that Stages D-F are not 
able to accept new data, and the ACCEPT signals out of these 
stages into their immediately preceding neighbors go LOW. 
Hence, the data D2, D3 and D4 cannot shift downstream, 
novever, the data D5 can. The corresponding state of " e 
pipeline after Cycle 5 is, thus, shown m Fig. 1 as Cycle f. 

The ability of the pipeline, m accordance with tne 
preferred embodiments of the present invention, to "fill 
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empty processing stages is highly advantageous since the 
processing stages in the pipeline thereby become decouple 
from one another. In other words, even though a pipeline 
stage nay not be ready to accept data, the entire pipeline 
does not have to stop and wait for the delayed stage. 
Rather, when one stage is unable to accept valid data it 
simply forms a temporary "wall" in the pipeline. 
Nonetheless, stages downstream of the "wall" can continue to 
advance valid data even to circuitry connected to the 
pipeline, and stages to the left of the "wall" can still 
accept and transfer valid data downstream. Even when several 
pipeline stages temporarily cannot accept new data, other 
stages can continue to operate normally. In particular, the 
pipeline can continue to accept data into its initial stage 
A as long as stage A does not already contain valid data that 
cannot be advanced due to the next stage not being ready tc 
accept new data. As this example illustrates, data can be 
transferred into the pipeline and between stages even when 
one or more processing stages is blocked. 

In the embodiment shown in Fig. 1, it is assumed that the 
various pipeline stages do not store the ACCEPT signals they 
receive from their immediately following neighbors. Instead, 
whenever the ACCEPT signal into a downstream stage goes LOW , 
this LOW signal is propagated upstream as far as the nearest 
pipeline stage that does not contain valid data. For 
example, referring to Fig. 1, it was assumed that the ACCEPT 
signal into Stage F goes LOW in Cycle l. In Cycle 2, the LOW 
signal propagates from Stage F back to Stage D. 

In Cycle 3, when the data D3 is latched into Stage D , the 
ACCEPT signal propagates- upstream four stages to Stage C. 
rtnen the ACCEPT signal into Stage F goes HIGH in Cycle 4, it 
rust propagate upstream all the way to Stage C. In other 
**ords, the change m the ACCEPT signal must propagate fcacK 
four stages. It is not necessary, however, m the embodiment 
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illustrated in Fig. l, for the ACCEPT signal to propagate all 
the way back to the beginning of the pipeline if there is 
some intermediate stage that is able to accept new data. 

In the embodiment illustrated in Fig. 1, each pipeline 
stage will still need separate input and output data latches 
to allow data to be transferred between stages without 
unintended overwriting. Also, although the pipeline 
illustrated in Fig. 1 is able to "compress" when downstream 
pipeline stages are blocked, i.e., they cannot pass on the 
data they contain, the pipeline does not "expand" to provide 
stages that contain no valid data between stages that do 
contain valid data. Rather, the ability to compress depends 
on there being cycles during which no valid data is presented 
to the first pipeline stage. 

In Cycle 4, for example, if the ACCEPT signal into Stage 
F remained LOW and valid data filled pipeline stages A and 3, 
as long as valid data continued to be presented to Stage A 
the pipeline would not be able to compress any further and 
valid input data could be lost. Nonetheless, the pipeline 
illustrated in Fig. 1 reduces the risk of data loss since it 
is able to compress as long as there is a pipeline stage that 
does not contain valid data. 

Fig. 2 illustrates another embodiment of the pipeline that 
can both compress and expand in a logical manner and whicn 
includes circuitry that limits propagation of the ACCEPT 
signal to the nearest preceding stage. Although the 
circuitry for implementing this embodiment is explained and 
illustrated in greater detail below, Fig. 2 serves to 
illustrate the principle by which it operates. 

For ease of comparison only, the input data and ACCEPT 
signals into the pipeline embodiment shown m Fig. 2 are -r.e 
same as m the pipeline embodiment shown m Fig. ~: . 
Accordingly, stages E , D and B contain valid data Dl, 02 a:: 
03, respectively. The ACCEPT signal into Stage F is LCW; z 
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data D4 is presented to the beginning pipeline Stage A. In 
Fig. 2, three lines are shown connecting each neighboring 
pair of pipeline stages. The uppermost line, which may be a 
bus, is a data line. The middle line is the line over which 
the VALID signal is transferred, while the bottom line is the 
line over which the ACCEPT signal is transferred. Also, as 
before, the ACCEPT signal into Stage F remains LOW except in 
Cycle 4. Furthermore, additional data D5 is presented to the 
pipeline in Cycle 4. 

In Fig. 2, each pipeline stage is represented as a block 
divided into two halves to illustrate that each stage in this 
embodiment of the pipeline includes primary and secondary 
data storage elements. In Fig. 2, the primary data storage 
is shown as the right half of each stage. However, it will 
be appreciated that this delineation is for the purpose of 
illustration only and is not intended as a limitation. 

As Fig. 2 illustrates, as long as the ACCEPT signal into 
a stage is HIGH, data is transferred from the primary storage 
elements of the stage to the secondary storage elements of 
tne following stage during any given cycle. Accordingly, 
aithougn the ACCEPT signal into Stage F is LOW , the ACCEPT 
signal into all other stages is HIGH so that the data Dl, D2 
and 03 is shifted forward one stage in Cycle 2 and the data 
04 is shifted into the first Stage A. 

Up to this point, the pipeline embodiment shown in Fig. 2 
acts in a manner similar to the pipeline embodiment shown in 
Fig. l. The ACCEPT signal from Stage F into Stage E , 
however, is HIGH even though the ACCEPT signal into Stage F 
is LOW. As is explained below, because of the secondary 
storage elements, it is not necessary for the LOW ACCEPT 
signal to propagate upstream beyond Stage F. Moreover, by 
leaving the ACCEPT signal into Stage E HIGH, Stage F signals 
that it is ready to accept new data. Since Stage F is nc: 
aoie to transfer the data Dl in its primary storage elements 
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downstream (the ACCEPT signal into Stage F is LOW) in Cycle 
3', Stage E must, therefore, transfer the data 02 into the 
secondary storage elements of Stage F. Since both the 
primary and the secondary storage elements of Stage F now 
contain valid data that cannot be passed on, the ACCEPT 
signal from Stage F into Stage E is set LOW. Accordingly, 
this represents a propagation of the LOW ACCEPT signal back 
only one stage relative to Cycle 2, whereas this ACCEPT 
signal had to be propagated back all the way to Stage c in 
the embodiment shown in Fig. 1. 

Since Stages A-E are able to pass on their data, the 
ACCEPT signals from the stages into their immediately 
preceding neighbors are set HIGH. Consequently, the data D3 
and 04 are shifted one stage to the right so that, in Cycle 
4, they are loaded into the primary data storage elements of 
Stage E and Stage C, respectively. Although Stage E no* 
contains valid data D3 m its primary storage elements, its 
secondary storage elements can still be used to store other 
data without risk of overwriting any valid data. 

Assume now, as before, that the ACCEPT signal into Stage 
F becomes HIGH in Cycle 4. This indicates that the 
downstream device to which the pipeline passes data is ready 
to accept data from the pipeline. Stage F, however, has set 
its ACCEPT signal LOW and, thus, indicates to Stage E that 
Stage F is not prepared to accept new data. Observe that the 
ACCEPT signals for each cycle indicate what will "happen" in 
the next cycle, that is, whether data will be passed on 
(ACCEPT HIGH) or whether data must remain in place (ACCEPT 
LOW). Therefore, from Cycle 4 to Cycle 5, the data Dl is 
passed- from Stage F to the following device, the data D2 is 
sr.ifted from secondary to primary storage m Stage F, but tne 
data u2 in Stage E is not transferred to Stage F. The data 
04 ana 05 can be transferred into the following pipeline 
stages as ncrmal since the following stages have their ACCEPT 
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signals HIGH . 

Comparing the state of the pipeline in Cycle 4 and Cycle 
5, it can be seen that the provision of secondary storage 
elements, enables the pipeline embodiment shown in Fig. 2 to 
5 expand, that is, to free up data storage elements into which 
valid data can be advanced. For example, in Cycle 4, the 
data blocks Dl, D2 and D3 form a "solid wall" since their 
data cannot be transferred until the ACCEPT signal into Stage 
F goes HIGH* Once this signal does become HIGH, however, 

10 data Dl is shifted out of the pipeline, data D2 is shifted 
into the primary storage elements of Stage F, and the 
secondary storage elements of Stage F become free to accept 
new data if the following device is not able to receive the 
data D2 and the pipeline must once again "compress." This is 

15 shown in Cycle 6, for which the data D3 has been shifted into 
the secondary storage elements of Stage F and the data D4 has 
been passed on from Stage D to Stage £ as normal. 

Figs. 3a(l), 3a(2), 3b(l) and 3b(2) {which are referred to 
collectively as Fig. 3) illustrate generally a preferred 

20 embodiment of the pipeline. This preferred embodiment 
implements the structure shown in Fig. 2 using a two-phase, 
non-overlapping clock with phases oO and ol. Although a two- 
phase clock is preferred, it will be appreciated that it is 
also possible to drive the various embodiments of the 

25 invention using a clock with more than two phases. 

As shown in Fig. 3, each pipeline stage is represented as 
having two separate boxes which illustrate the primary and 
secondary storage elements. Also, although the VALID signal 
and the data lines connect the various pipeline stages as 

: c oefore, for ease of illustration, only the ACCEPT signal is 
snown in Fig. 3. A change of state during a clock phase of 
certain of the ACCEPT signals is indicated m Fig. 3 using an 
upward- pointing arrow fcr changes from LOW to HlCr. . 
Sir.ilariy, a downward-pointing arrow for changes from HIGH :: 
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LOW . Transfer of data from one storage element to another is 
indicated by a large open arrow. it is assumed that the 
VALID signal out of the primary or secondary storage elements 
of any given stage is HIGH whenever the storage elements 
contain valid data* 

In Fig. 3, each cycle is shown as consisting of a full 
period of the non-overlapping clock phases oO and ol. As is 
explained in greater detail below, data is transferred from 
the secondary storage elements (shown as the left box in each 
stage) to the primary storage elements (shown as the right 
box in each stage) during clock cycle 01, whereas data is 
transferred from the primary storage elements of one stage to 
the secondary storage elements of the following stage during 
the clock cycle oO . Fig. 3 also illustrates that the primary 
and secondary storage elements in each stage are further 
connected via an internal acceptance line to pass an ACCEPT 
signal m the same manner that the ACCEPT signal is passed 
from stage to stage. In this way, the secondary storage 
element will know when it can pass its date to the primary 
storage element. 

Fig. 3 shows the ol phase of Cycle l, in which data Dl, D2 
and D3, which were previously shifted into the secondary 
storage elements of Stages E , D and B, respectively, are 
shifted into the primary storage elements of the respective 
stage. During the ol phase of Cycle 1, the pipeline, 
therefore, assumes the same configuration as is shown as 
Cycle 1 of Fig. 2. As before, the ACCEPT signal into Stage 
F is assumed to be LOW. As Fig. 3 illustrates, however, this 
means that the ACCEPT signal into the primary storage element 
of Stage F is LOW , but since this storage element does not 
contain valid data, it sets the ACCEPT signal into its 
secondary storage element HIGH. 

The ACCEPT signal from the secondary storage elements cf 
Stage F into the primary storage elements of Stage E is als: 
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set HIGH since the secondary storage elements of Stage F do 
not contain valid data. As before, since the primary storage 
elements of Stage F are able to accept data, data in all the 
upstream primary and secondary storage elements can be 
shifted downstream without any valid data being overwritten. 
The shift of data from one stage to the next takes place 
during the next 00 phase in Cycle 2. For example, the valid 
data Dl contained in the primary storage element of stage E 
is shifted into the secondary storage element of Stage F, the 
data D4 is shifted into the pipeline, that is, into the 
secondary storage element of Stage A, and so forth. 

The primary storage element of Stage F still does not 
contain valid data during the 00 phase in Cycle 2 and, 
therefore, the ACCEPT signal from the primary storage 
elements into the secondary storage elements of Stage F 
remains HIGH. During the 01 phase in Cycle 2, data can 
therefore be shifted yet another step to the right, i.e., 
from the secondary to the primary storage elements within 
each stage. 

However, once valid data is loaded into the primary 
storage elements of Stage F, if the ACCEPT into Stage F from 
the downstream device is still LOW , it is not possible to 
shift data out of the secondary storage element of Stage F 
without overwriting and destroying the valid data Dl. The 
ACCEPT signal from the primary storage elements into the 
secondary storage elements of Stage F therefore goes LOW . 
Data D2 , however, can still be shifted into the secondary 
storage of Stage F since it did not contain valid data and 
its ACCEPT signal out was HIGH. 

During the ol phase of Cycle 3, it is not possible to 
snift data D2 into the primary storage elements of Stage F. 
although data can be shifted within ail the previous stages. 
Once valid data is loaded into the secondary storage eierer.ts 
of Stage F , however, Stage F is not able to pass or. 
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data. It signals this event setting its ACCEPT signal out 
LOW. 

Assuming that the ACCEPT signal into Stage F remains LOW , 
data upstream of Stage F can continue to be shifted between 
5 stages and within stages on the respective clock phases until 
the next valid data block D3 reaches the primary storage 
elements of Stage E . As illustrated, this condition is 
reached during the ol phase of Cycle 4. 

During the oO phase of Cycle 5, data D3 has been loaded 

:o into the primary storage element of Stage E. Since this data 
cannot be shifted further, the ACCEPT signal out of the 
primary storage elements of Stage E is set LOW , Upstream 
data can be shifted as normal. 

Assume now, as in Cycle 5 of Fig. 2, that the device 

15 connected downstream of the pipeline is able to accept 
pipeline data. It signals this event by setting the ACCEPT 
signal into pipeline Stage F HIGH during the ol phase of 
Cycle 4. The primary storage elements of Stage F can now 
shift data to the right and they are also able to accept new 

2 j data. Hence, the data Dl was shifted out during the ol phase 
of Cycle 5 so that the primary storage elements of Stage F no 
longer contain data that must be saved. During the ol phase 
of Cycle 5, the data D2-is, therefore, shifted within Stage 
F from the secondary storage elements to the primary storage 

23 elements. The secondary storage elements of Stage F are also 
able to accept new data and signal this by setting the ACCEPT 
signal into the primary storage elements of Stage E HIGH. 
During transfer of data within a stage, that is, from its 
secondary to its primary storage elements, both sets of 

: C- storage elements will contain the same data, but the data in 
tr.e secondary storage elements can be overwritten with no 
data loss since this data will also be held in the primary 
storage elements. The same holds true for data transfer fror 
the primary storage elements of one stage into the seccr.dar;. 
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storage elements of a subsequent stage. 

Assume now, that the ACCEPT signal into the primary 
storage elements of Stage F goes LOW during the 01 phase in 
Cycle 5. This means that Stage F is not able to transfer the 
5 data D2 out of the pipeline. Stage F, consequently, sets the 
ACCEPT signal from its primary to its secondary storage 
elements LOW to prevent overwriting of the valid data D2 . 
The data D2 stored in the secondary storage elements of Stage 
F , however, can be overwritten without loss, and the data D3, 

10 is therefore, transferred into the secondary storage elements 
of Stage F during the 00 phase of Cycle 6. Data D4 and D5 
can be shifted downstream as normal. Once valid data D3 is 
stored in Stage F along with data D2 , as long as the ACCEPT 
signal into the primary storage elements of Stage F is LOW , 

15 neither of the secondary storage elements can accept new 
data, and it signals this by setting the ACCEPT signal into 
Stage E LOW . 

When the ACCEPT signal into the pipeline from the 
downstream device changes from LOW to HIGH or vice versa, 

2 0 this change does not have to propagate upstream within the 
pipeline further than to the immediately preceding storage 
elements (within the same stage or within the preceding 
pipeline stage). Rather, this change propagates upstream 
within the pipeline one storage element block per clock 

25 phase. 

As this example illustrates, the concept of a "stage" m 
the pipeline structure illustrated in Fig. 3 is to some 
extent a matter of perception. Since data is transferred 
within a stage (from the secondary to the primary storage 
:: elements) as it is between stages (from the primary storage 
elements of the upstream stage into the secondary storage 
elements of the neighboring downstream stage) , one could ^ust 
as well consider a stage to consist of "primary* 1 storage 
elements followed by "secondary storage elements" instead z : 



as illustrated in Fig. 3. The concept of "primary" and 
"secondary" storage elements is, therefore, mostly a question 
of labeling. In Fig. 3, the "primary" storage elements can 
also be referred to as "output" storage elements, since they 
are the elements from which data is transferred out of a 
stage into a following stage or device, and the "secondary" 
storage elements could be "input" storage elements for the 
same stage. 

In explaining the aforementioned embodiments, as shown in 
Figs. 1-3, only the transfer of data under the control of the 
ACCEPT and VALID signals has been mentioned* It is to be 
further understood that each pipeline stage may also process 
the data it has received arbitrarily before passing it 
between its internal storage elements or before passing it to 
the following pipeline stage. Therefore, referring once 
again to Fig. 3, a pipeline stage can, therefore, be defined 
as the portion of the pipeline that contains input and output 
storage elements and that arbitrarily processes data stored 
m its storage elements. 

Furthermore, the "device" downstream from the pipeline 
Stage F, need not be some other type of hardware structure, 
but rather it can be another section of the same or part of 
another pipeline. As illustrated below, a pipeline stage can 
set its ACCEPT signal LOW not only when all of the downstream 
storage elements are filled with valid data, but also when a 
stage requires more than one clock phase to finish processing 
its data. This also can occur when it creates valid data m 
one or both of its storage elements. In other words, it is 
not necessary for a stage simply to pass on the ACCEPT signal 
based on whether or not the immediately downstream storage 
elements contains valid data that cannot be passed en. 
Rather, the ACCEPT signal itself may also be altered within 
tne stage or, by circuitry external to the stage, in order :: 
control the passage of data between adjacent stcrace 
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elements. The VALID signal may also be processed in an 
analogous manner. 

A great advantage of the two-wire interface (one wire for 
each of the VALID and ACCEPT signals) is its ability to 
control the pipeline without the control signals needing to 
propagate back up the pipeline all the way to its beginning 
stage. Referring once again to Fig. 1, Cycle 3, for example, 
although stage F "tells" stage E that it cannot accept data, 
and stage E tells stage D, and stage D tells stage c. 
Indeed, if there had been more stages containing valid data, 
then this signal would have propagated back even further 
along the pipeline. In the embodiment shown in Fig. 3, Cycle 
3, the LOW ACCEPT signal is not propagated any further 
upstream than to Stage E and, then, only to its primary 
storage elements. 

As described below, this embodiment is able to achieve 
this flexibility without adding significantly to the silicon 
area that is required to implement the design. Typically, 
each latch in the pipeline used for data storage requires 
only a single extra transistor (which lays out very 
efficiently in silicon) . In addition, two extra latches and 
a small number of gates are preferably added to process the 
ACCEPT and VALID signals that are associated with the data 
latches in each half-stage. 

Fig. 4 illustrates a hardware structure that implements a 
stage as shown in Fig. 3. 

By way of example only, it is assumed that eight-bit data 
is to be transferred {with or without further manipulation in 
optional combinatorial logic circuits) in parallel throucn 
tne pipeline. However, it will be appreciated that either 
-ore cr less than eight-bit data can be used in practicing 
-he invention. Furthermore, the two-wire interface :r. 
accordance with this embodiment is, however, suitable for -se 
with any data bus width, and the data bus width may ev = - 



change from one stage to the next if a particular application 
so requires. The interface in accordance with this 
embodiment can also be used to process analog signals. 

As discussed previously, while other conventional timing 
5 arrangements may be used, the interface is preferably 
controlled by a two-phase, non-overlapping clock. In Figs. 
4-9, these clock phase signals are referred to as PHO and 
PHI. In Fig. 4, a line is shown for each clock phase signal. 
Input data enters a pipeline stage over a multi-bit data 

10 bus IN_DATA and is transferred to a following pipeline stage 
or to subsequent receiving circuitry over an output data bus 
OUT_DATA. The input data is first loaded in a manner 
described below into a series of input latches (one for each 
input data signal) collectively referred to as LDIN , which 

15 constitute the secondary storage elements described above. 

In the illustrated example of this embodiment, it is 
assumed that the Q outputs of all latches follow their D 
inputs, that is, they are "loaded", when the clock input is 
HIGH, i.e., at a logic "l" level. Additionally, the Q 

20 outputs hold their last values. In other words, the Q 
outputs are "latched" on the falling edge of their respective 
clock signals. Each latch has for its clock either one of 
two non-overlapping clock signals PHO or PHI (as shown m 
Fig. 5), or the logical AND combination of one of these clock 

25 signals PHO, PHI and one logic signal. The invention works 
equally well, however, by providing latches that latch on the 
rising edges of the clock signals, or any other known 
latching arrangement, as long as conventional methods are 
applied to ensure proper timing of the latching operations. 

The output data from the input data latch LDIN passes via 
an arbitrary and optional combinatorial logic circuit £1, 
- h i c h may be provided to convert output data from input later. 
LZIii into intermediate data, which is then later loaded :r, an 
output data latch LDOUT , which comprises the primary stcrsce 
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elements described above. The output from the output data 
latch LDOUT nay similarly pass through an arbitrary and 
optional combinatorial logic circuit B2 before being passed 
onward as OUT_DATA to the next device downstream. This may 
5 be another pipeline stage or any other device connected to 
the pipeline. 

In the practice of the present invention, each stage of 
the pipeline also includes a validation input latch LVIN, a 
validation output latch LVOUT, an acceptance input latch 
10 LAIN , and an acceptance output latch LAOUT. Each of these 
four latches is, preferably, a simple, single-stage latch. 
The outputs from latches LVIN, LVOUT, LAIN and LAOUT are, 

J respectively, QVIN, QVOUT, QAIN , QAOUT . The output signal 

QVIN from the validation input latch is connected either 

gi: 15 directly as an input to the validation output latch LVOUT, or 

W via intermediate logic devices or circuits that may alter the 

*1 signal. 

s Similarly, the output validation signal QVOUT of a given 

U stage may be connected either directly to the input of the 

y ;: 20 validation input latch QVIN of the following stage, or via 

SB intermediate devices or logic circuits, which may alter the 

validation signal. This output QVIN is also connected to a 
logic gate (to be described below) , whose output is connected 
to the input of the acceptance input latch LAIN. The output 
2 5 QAOUT from the acceptance output latch LAOUT is connected to 
a similar logic gate {described below) , optionally via 
another logic gate. 

As shown in Fig. 4, the output validation signal QVOUT 
forms an OUT_VALID signa that can be received by subsequent 
:c stages as an IN_VALID signal, or simply to indicate valid 
data to subsequent circuity connected to the pipeline. The 
readiness of the following circuit or stage to accept data is 
indicated to each stage as the signal OUT_ACCEPT, which is 
connected as the input to the acceptance output latch LAO 1*7 , 
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preferably via logic circuitry, which is described below. 
Similarly, the output QAOUT of the acceptance output latch 
LAOUT is connected as the input to the acceptance input latch 
LAIN, preferably via logic circuitry, which is described 
5 below. 

In practicing the present invention, the output signals 
QVIN, QVOUT from the validation latches LVIN, LVOUT are 
combined with the acceptance signals QAOUT , OUT_ACCEPT, 
respectively, to form the inputs to the acceptance latches 
10 LAIN, LA OUT , respectively. In the embodiment illustrated in 
m rig. 4, these input signals are formed as the logical NAND 

grj combination of the respective validation signals QVIN, QVOUT, 

/t with the logical inverse of the respective acceptance output 

%l signals QAOUT, OLT_ACCEPT. Conventional logic gates, NANDl 

fU 15 and NAND2 , perform the NAND operation, and the inverters 

j?i INVi, INV2 form the logical inverses of the respective 

9 acceptance signals. 

J? As is well known in the art of digital design, the output 

p ; from a NAND gate is a logical "1" when any or all of its 

0J 20 ^nput signals are in the logical "0" state. The output from 

a NAND gate is, therefore, a logical "0" only when all of its 
inputs are in the logical M l" state. Also well known in the 
art, is that the output of a digital inverter such as INVi is 
a logical "l" when its input signal is a "0" and is a "0" 
25 when its input signal is a M 1 M 

The inputs to the NAND gate NANDl are, therefore, QVIN and 
NOT (QAOUT), where "NOT" indicates binary inversion. Using 
known techniques, the input to the acceptance latch LAIN can 
be resolved as follows: 
:0 NAND { QVIN , NOT { QAOUT J ] = NOT(QVIN) OR QAOUT 

In ether words, the combination of the inverter INVi and 
the NAND gate NANDl is a logical M i 11 either when the signal 
QVIN is a "0" or the signal QAOUT is a or both. The 

gate NANDl and the inverter INVi can, tnerefcre, te 
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implemented by a single OR gate that has one of its inputs 
tied directly to the QAOUT output of the acceptance latch 
LA OUT and its other input tied to the inverse of the output 
signal QVIN of the validation input latch LVIN. 

As is well known in the art of digital design, many 
latches suitable for use as the validation and acceptance 
latches may have two outputs, Q and NOT (Q) , that is, Q and 
its logical inverse. If such latches are chosen, the one 
input to the OH gate can, therefore, be tied directly to the 
NOT (Q) output of the validation latch LVIN. The gate NANDi 
and the inverter INVi can be implemented using well known 
conventional techniques. Depending on the latch architecture 
used, however, it may be more efficient to use a latch 
without an inverting output, and to provide instead the gate 
NAND1 and the inverter INVl, both of which also can be 
implemented efficiently in a silicon device. Accordingly, 
any known arrangement may be used to generate the Q signal 
and/or its logical inverse. 

The data and validation latches LDIN , LDOUT , LVIN and 
LVOLT, load their respective data inputs when both clock 
signals (PHO at the input side and PHI at the output side) 
and the output from the acceptance latch of the same side are 
logical "l" . Thus, the clock signal (PHO for the input 
latches LDIN and LVIN) and the output of the respective 
acceptance latch (in this case, LAIN) are used in a logical 
AND manner and data is loaded only when they are both logical 

M ^ *% 

In particular applications, such as CMOS implementations 
cf the latches, the logical AND operation that controls the 
leading (via the illustrated CK or enabling "input") of tne 
latcnes can be implemented easily in a conventional manner re- 
connecting the respective enabling input signals (fcr 
example, PHO and QAIN for the latches LVIN and LDIN), zo zr.e 
gates of MOS transistors connected in series m the mc-: 
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lines of the latches. Consequently, is necessary to provide 
an actual logic AND gate, which might cause problems of 
timing due to propagation delay in high-speed applications. 
The AND gate shown in the figures, therefore, only indicates 
the logical function to be performed in generating the enable 
signals of the various latches* 

Thus, the data latch LDIN loads input data only when PHO 
and QAIN are both "1". It will latch this data when either 
of these two signals goes to a M 0 ,f . 

Although only one of the clock phase signals PHO or PHI, 
is used to clock the data and validation latches at the input 
(and output) side of the pipeline stage, the other clock 
phase signal is used, directly, to clock the acceptance latch 
at the same side. In other words, the acceptance latch on 
either side (input or output) of a pipeline stage is 
preferably clocked "out of phase" with the data and 
validation latches on the same side. For example, PHI is 
used to clock the acceptance input latch, although PHO is 
used in generating the clock signal CK for the data latch 
LOIN and the validation latch LVIN. 

As an example of the operation of a pipeline augmented by 
the two-wire validation and acceptance circuitry assume that 
no valid data is initially presented at the input to the 
circuit, either from a preceding pipeline stage, or from a 
transmission device. In other words, assume that the 
validation input signal IN_VALID to the illustrated stage has 
not gone to a "l" since the system was most recently reset. 
Assume further that several clock cycles have taken place 
since the system was last reset and, accordingly, the 
circuitry has reached a steady-state condition. The 
validation input signal QVIN from the validation latch LVIN 
is, therefore, loaded as a "0" during the next positive 
period of the clock PHO. The input to the acceptance input 
latch LAIN (via the gate NANDl or another equivalent gate., 
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is, therefore, loaded as a "1" during the next positive 
period of the clock signal PHI . In other words, since the 
data m the data input latch LDIN is not valid, the stage 
signals that it is ready to accept input data (since it does 
5 not hold any data worth saving) . 

In this example, note that the signal IN_ACCEPT is used to 
enable the data and validation latches LDIN and LVIN. Since 
the signal IN_ACCEPT at this time is a "l", these latches 
effectively work as conventional transparent latches so that 

10 whatever data is on the IN_DATA bus simply is loaded into the 
data latch LDIN as soon as the clock signal PHO goes to a 
"1". Of course, this invalid data will also be loaded into 
the next data latch LDOUT of the following pipeline stage as 
long as the output QAOUT from its acceptance latch is a "l". 

15 Hence, as long as a data latch does not contain valid 

data, it accepts or "loads" any data presented to it during 
rhe next positive period of its respective clock signal. On 
the other hand, such invalid data is not loaded in any stage 
for which the acceptance signal from its corresponding 

20 acceptance latch is low (that is, a "0"). Furthermore, the 
output signal from a validation latch (which forms the 
validation input signal to the subsequent validation latch) 
remains a "0" as long as the corresponding IN_VALID (or QVIN) 
signal to the validation latch is low. 

25 When the input data to a data latch is valid, the 

validation signal IN_VALID indicates this by rising to a 
The output of the corresponding validation latch then rises 
to a "1" on the next rising edge of its respective clock 
phase signal. For example, the validation input signal Q*:z:: 

10 cf latch LVIN rises to a l when its corresponding IN_VALID 
signal goes high (that is, rises to a "1") on the next rising 
edge of the clock phase signal PHO. 

Assume now, instead, that the data input latch 12 1 
contains valid data. If the data output latch LDOUT is re=: ; 
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to accept new data, its acceptance signal QAOUT will be a 
M 1 M . In this case, during the next positive period of the 
clock signal PHI, the data latch LDOUT and validation latch 
LVOUT will be enabled, and the data latch LDOUT will load the 
5 data present at its input. This will occur before the next 
rising edge of the other clock signal PHO, since the clock 
signals are non-overlapping* At the next rising edge of PH0 ; 
the preceding data latch (LDIN) will, therefore, not latch in 
new input data from the preceding stage until the data output 
10 latch LDOUT has safely latched the data transferred from the 
latch LDIN. 

Accordingly, the same sequence is followed by every 
adjacent pair of data latches (within a stage or between 
adjacent stages) that are able to accept data, since they 

15 will be operating based on alternate phases of the clock. 
Any data latch that is not ready to accept new data because 
it contains valid data that cannot yet be passed, will have 
an output acceptance signal (the QA output from its 
acceptance latch LA) that is LOW, and its data latch LDIN or 

2D LDCUT will not be loaded. Hence, as long as the acceptance 
signal (the output from the acceptance latch) of a given 
stage or side (input or output) of a stage is LOW , its 
corresponding data latch will not be loaded. 

Fig. 4 also shows a reset feature included in a preferred 

25 embodiment. In the illustrated example, a reset signal 
NOTRE5ET0 is connected to an inverting reset input R 
(inversion is hereby indicated by a small circle, as is 
conventional) of the validation output latch LVOUT. As is 
well known, this means that the validation latch LVOUT will 

22 ce forced to output a "0" whenever the reset signal NOTRESETD 
cecor.es a "0" . One advantage of resetting the latch when the 
reset signal goes low (becomes a "0") is that a break ir. 
transmission will reset the latches. They will then oe ;r. 
tneir "null" or reset state whenever a valid transmission 
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begins and the reset signal goes HIGH. The reset signal 
NOTRESETO, therefore, operates as a digital "ON/OFF" switch, 
such that it must be at a HIGH value in order to activate the 
pipeline. 

5 Note that it is not necessary to reset ail of the latches 

that hold valid data in the pipeline. As depicted in Fig. 4, 
the validation input latch LVIN is not directly reset by the 
reset signal NOTRESETO, but rather is reset indirectly. 
Assume that the reset signal NOTRESETO drops to a "0" . The 
10 validation output signal QVOUT also drops to a "o M , 
regardless of its previous state, whereupon the input to the 
acceptance output latch LAOUT (via the gate NAND1) goes HIGH. 
O The acceptance output signal QAOUT also rises to a "1". This 

^1 QAOUT value of "l" is then transferred as a "1" to the input 

15 of the acceptance input latch LAIN regardless of the state of 
the validation input signal QVIN. The acceptance input 
QJ signal QAIN then rises to a "1" at the next rising edge of 

^ the clock signal PHI. Assuming that the validation signal 

y :: IN_VALID has been correctly reset to a "0" , then upon the 

CI 20 subsequent rising edge of the clock signal PH0, the output 

from the validation latch LVIN will become a "0", as it would 
?§ have done if it had been reset directly. 

H* As this example illustrates, it is only necessary to reset 

the validation latch in only one side of each stage 
25 (including the final stage) m order to reset all validation 
latches. In fact, in many applications, it will not be 
necessary to reset every other validation latch: If the 
reset signal NOTRESETO can be guaranteed to be low during 
r?,ore than one complete cycle of both phases PH0, PHI of the 
20 clock, then the "automatic reset" (a backwards propagation of 
the reset signal) will occur for validation latches in 
preceding pipeline stages. Indeed, if the reset signal is 
neld low for at least as many full cycles of both phases of 
the clock as there are pipeline stages, it will only ce 
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necessary to directly reset the validation output latch in 
the final pipeline stage. 

Figs. 5a and 5b (referred to collectively as Fig. 5) 
illustrate a timing diagram showing the relationship between 
the non-overlapping clock signals PHG, PHI , the effect of the 
reset signal, and the holding and transfer of data for the 
different permutations of validation and acceptance signals 
into and between the two illustrated sides of a pipeline 
stage configured in the embodiment shown in Fig. 4. In the 
example illustrated in the timing diagram of Fig* 5, it has 
been assumed that the outputs from the data latches LDIN , 
LDOUT are passed without further manipulation by intervening 
logic blocks Bl, B2 . This is by way of example and not 
necessarily by way of limitation. It is to be understood 
that any combinatorial logic structures may be included 
between the data latches of consecutive pipeline stages, or 
between the input and output sides of a single pipeline 
stage. The actual illustrated values for the input data (for 
example the HEX data words "aa" or "04") are also merely 
illustrative. As is mentioned above, the input data bus may 
have any width (and may even be analog) , as long as the data 
latches or other storage devices are able to accommodate and 
latch or store each bit or value of the input word. 

Preferred Data Structure - "tokens" 

In the sample application shown in Fig. 4, each stage 
processes all input data, since there is no control circuitry 
that excludes any stage from allowing input data to pass 
through its combinatorial logic block Bl ( B2, and so forth, 
to provide greater f 1-exibility , the present invention 
includes a data structure m which "tokens" are used to 
distribute data and control information throughout the 
system. Each token consists of a series of binary tits 
separated into one or r.ore blocks of token ~cr ds . 
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Furthermore, the bits fall into one of three types: address 
bits (A) , data bits (D) , or an extension bit (E) . Assume by 
way of example and, not necessarily by way of limitation, 
that data xs transferred as words over an 8-bit bus with a i- 
5 bit extension bit line. An example of a four-word token is, 
in order of transmission: 



First word: 


E 


A 


A 


A 


D 


D 


D 


D 


D 


Second word: 


E 


D 


D 


D 


D 


D 


D 


D 


D 


Third word: 


E 


D 


D 


D 


D 


D 


D 


D 


D 


Fourth word: 


E 


D 


D 


D 


D 


D 


D 


D 


D 



Note that the extension bit E is used as an addition 
(preferably) to each data word. In addition, the address 
field can be of variable length and is preferably transmitted 
]ust after the extension bit of the first word. 

15 Tokens, therefore, consist of one or more words of 

(binary) digital data in the present invention. Each of 
tnese words is transferred in sequence and preferably m 
parallel, although this method of transfer is not necessary: 
serial data transfer is also possible using known techniques. 

20 For example, in a video parser, control information is 
transmitted in parallel, whereas data is transmitted 
serially. 

As the example illustrates, each token has, preferably at 
the start, an address field (the string of A-bits) that 

25 identifies the type of data that is contained in the token. 
In most applications, a single word or portion of a word is 
sufficient to transfer the entire address field, but this is 
not necessary in accordance with the invention, so long as 
logic circuitry is included in the corresponding pipeline 

:: stages tnat is able to store some representation of partial 
address fields long enough for the stages to receive ar.d 
decode the entire address field. 
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Note that no dedicated wires or registers are required to 
transmit the address field. It is transmitted using the data 
bits. As is explained below, a pipeline stage will not be 
slewed down if it is not intended to be activated by the 
5 particular address field, i.e., the stage will be able to 
pass along the token without delay. 

The remainder of the data in the token following the 
address field is not constrained by the use of tokens. These 
D-data bits may take on any values and the meaning attached 

10 to these bits is of no importance here. That is, the meaning 
of the data can vary, for example, depending upon where the 
data is positioned within the system at a particular point m 
time. The number of data bits D appended after the address 
field can be as long or as short as required, and the number 

15 of data words in different tokens may vary greatly. The 
address field and extension bit are used to convey control 
signals to the pipeline stages. Because the number of words 
m the data field (the string of D bits) can be arbitrary, as 
can be the information conveyed in the data field can also 

ZO vary accordingly. The explanation below is, therefore, 
directed to the use of the address and extension bits. 

In the present invention, tokens are a particularly useful 
data structure when a number of blocks of circuitry are 
connected together in a relatively simple configuration. The 

25 simplest configuration is a pipeline of processing steps. 
For example, in the one shown in Fig. 1. The use of tokens, 
however, is not restricted to use on a pipeline structure. 

Assume once again that each box represents a complete 
pipeline stage. In the pipeline of Fig. 1, data flows frcr 

:: left to right in the diagram. Data enters the machine a.-.d 
passes into processing Stage A . This may or may not rcdif/ 
the data and it then passes the data to Stage S. T v .e 
•edification, if any, may be arbitrarily complicated and, 
general ; there will not be the same number of data :te" 
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flowing into any stage as flow out* Stage B modifies the 
data again and passes it onto Stage C, and so forth. In a 
scheme such as this, it is impossible for data to flow in the 
opposite direction, so that, for example, Stage C cannot pass 
data to Stage A. This restriction is often perfectly 
acceptable . 

On the other hand, it is very desirable for Stage A to be 
able to communicate information to Stage C even though there 
is no direct connection between the two blocks. Stage A and 
C communication is only via Stage B. One advantage of the 
tokens is their ability to achieve this kind of 
communication. Since any processing stage that does not 
recognize a token simply passes it on unaltered to the next 
block . 

According to this example, an extension bit is transmitted 
along with the address and data fields in each token so that 
a processing stage can pass on a token (which can be of 
arbitrary length) without having to decode its address at 
all. According to this example, any token in which the 
extension bit is HIGH (a "l") is followed by a subsequent 
word which is part of the same token. This word also has an 
extension bit, which indicates whether there is a further 
token word in the token. When a stage encounters a token 
word whose extension bit is LOW (a "0"), it is known to be 
the last word of the token. The next word is then assumed to 
be the first word of a new token. 

Note that although the simple pipeline of processing 
stages is particularly useful, it will be appreciated that 
tokens may be applied to more complicated configurations cf 
processing elements. An example of a more complicated 
processing element is described below. 

It is not necessary, in accordance with the present 
invention, to use the state of the extension bit to signal 
the last *crd of a given token by giving it an extension bit 
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set to ,! 0 M . One alternative to the preferred scheme is to 
move the extension bit so that it indicates the first word of 
a token instead of the last. This can be accomplished with 
appropriate changes in the decoding hardware. 

The advantage 'of using the extension bit of the present 
invention to signal the last word in a token rather than the 
first, is that it is often useful to modify the behavior of 
a block of circuitry depending upon whether or not a token 
has extension bits. An example of this is a token that 
activates a stage that processes video quantization values 
stored in a quantization table (typically a memory device) . 
For example, a table containing 64 eight-bit arbitrary binary 
integers. 

In order to load a new quantization table into the 
quantizer stage of the pipeline, a "QUANTJTABLE" token is 
sent to the quantizer. In such a case the token, for 
example, consists of 65 token words. The first word contains 
tne code "QUANTJTABLE" , i.e., build a quantization table. 
This is followed by 64 words, which are the integers of the 
quantization table. 

When encoding video data, it is occasionally necessary to 
transmit such a quantization table. In order to accomplish 
this function, a QUANTJTABLE tdken with no extension words 
can be sent to the quantizer stage. On seeing this token, 
and noting that the extension bit of its first word is LOW, 
the quantizer stage can read out its quantization table and 
construct a QUANTJTABLE token which includes the 64 
quantization table values. The extension bit of the first 
word (which was LOW) is changed so that it is HIGH and the 
token continues, with HIGH extension bits, until the new end 
c: the token, indicated by a LOW extension bit on the sixty 
fourth quantization table value. This proceeds m the 
typical way through the system and is encoded into the tit 
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Continuing with the example, the quantizer may either load 
a new quantization table into its own memory device or read 
out its table depending on whether the first word of the 
QL"ANT_TABLE token has its extension bit set or not. 

The choice of whether to use the extension bit to signal 
the first or last token word in a token will, therefore, 
depend on the system in which the pipeline will be used. 
Both alternatives are possible in accordance with the 
invention. ^ 

Another alternative to the preferred extension bit scheme 
is to include a length count at the start of the token. Such 
an arrangement may, for example, be efficient if a token is 
very long. For example, assume that a typical token in a 
given application is 1000 words long* Using the illustrated 
extension bit scheme (with the bit attached to each token 
word) , the token would require 1000 additional bits to 
contain all the extension bits. However, only ten bits would 
be required to encode the token length in binary form. 

Although there are, therefore, uses for long tokens, 
experience has shown that there are many uses for short 
tokens. Here the preferred extension bit scheme is 
advantageous. If a token is only one word long, then only 
one bit is required to signal this. However, a counting 
scheme would typically require the same ten bits as before. 

Disadvantages of a length count scheme include the 
following: 1) it is inefficient for short tokens; 2) it 
places a maximum length restriction on a token (with only ten 
bits, no more than 1023 words can be counted) ; 3) the length 
of a token must be known in advance of generating the count 
'which is presumably at the start of the token); 4) every 
clock of circuitry that deals with tokens would need to be 
provided with hardware to count words; and 5) if the count 
snould get corrupted (due to a data transmission error) it is 
not clear whether recovery can be achieved. 
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The advantages of the extension bit scheme in accordance 
with the present invention include: 1) pipeline stages need 
not include a block of circuitry that decodes every token 
since unrecognized tokens can be passed on correctly by 
5 considering only the extension bit; 2) the coding of the 
extension bit is identical for all tokens; 3) there is no 
limit placed on the length of a token; 4) the scheme is 
efficient (in terms of overhead to represent the length of 
the token) for short tokens; and 5) error recovery is 

10 naturally achieved. If an extension bit is corrupted then 
one random token will be generated (for an extension bit 
corrupted from "l" to "0 M ) or a token will be lost (extension 
bit corrupted "0" to "l"). Furthermore, the problem is 
localized to the tokens concerned. After that token, correct 

15 operation is resumed automatically. 

In addition, the length of the address field may be 
varied. This is highly advantageous since it allows the most 
common tokens to be squeezed into the minimum number cf 
words. This, in turn, is of great importance in video data 

20 pipeline systems since it ensures that all processing stages 
can be continuously running at full bandwidth. 

In accordance to the present invention, in order to allow 
variable length address fields, the addresses are chosen so 
that a short address followed by random data can never be 

25 confused with a longer address. The preferred technique for 
encoding the address field (which also serves as the "code" 
for activating an intended pipeline stage) is the well-known 
technique first described by Huffman, hence the common name 
"Huffman Code". Nevertheless, it will be appreciated by cne 

ZZ cf, ordinary skill in the art, that other coding schemes may 
also be successfully employed. 

Although Huffman encoding is well understood in the fieli 
of digital design, the following example provides a general 
background : 
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Huffman codes consist of words made up of a string of 
symbols (in the context of digital systems, such as the 
present invention, the symbols are usually binary digits). 
The code words may have variable length and the special 
property of Huffman code words is that a code word is chosen 
so that none of the longer code words start with the symbols 
that form a shorter code word. In accordance with the 
invention, token address fields are preferably (although not 
necessarily) chosen using known Huffman encoding techniques. 

Also in the present invention, the address field 
preferably starts in the most significant bit (MSB) of the 
first word token. (Note that the designation of the MSB is 
arbitrary and that this scheme can be modified to accommodate 
various designations of the MSB.) The address field 
continues through contiguous bits of lesser significance. 
If, in a given application, a token address requires more 
than one token word, the least significant bit in any given 
word the address field will continue in the most significant 
bit of the next word. The minimum length of the address 
field is one bit. 

Any of several known hardware structures can be used to 
generate the tokens used in the present invention. One such 
structure is a microprogrammed state machine. However, known 
microprocessors or other devices may also be used. 

The principle advantage of the token scheme in accordance 
with the present invention, is its adaptability to 
unanticipated needs. For example, if a new token is 
introduced, it is most likely that this will affect only a 
small number of pipeline stages. The most likely case is 
tnat only two stages or blocks of circuitry are affected, 
- . e . , the one block that generates the tokens in the first 
place and the block or stage that has been newly designed :r 
-edified to deal with this new token. Note that it is 
necessary to modify any other pipeline stages. Rather, "S5r 
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will be able to deal with the new token without modif icat ion 
to their designs because they will not recognize it and will, 
accordingly, pass that token on unmodified. 

This ability of the present invention to leave 
substantially existing designed devices unaffected has clear 
advantages. It may be possible to leave some semiconductor 
chips in a chip set completely unaffected by a design 
improvement in some other chips in the set. This is 
advantageous both from the perspective of a customer and from 
that of a chip manufacturer* Even if modifications mean that 
all chips are affected by the design change (a situation that 
becomes increasingly likely as levels of integration progress 
so that the number of chips in a system drops) there will 
still be the considerable advantage of better time-to-market 
than can be achieved, since the same design can be reused. 

In particular, note the situation that occurs when it 
becomes necessary to extend the token set to include two word 
addresses. Even in this case, it is still not necessary to 
modify an existing design. Token decoders in the' pipeline 
stages will attempt to decode the first word of such a token 
and will conclude that it does not recognize the token. It 
will then pass on the token unmodified using the extension 
bit to perform this operation correctly. It will not attempt 
to decode the second word of the token (even though this 
contains address bits) because it will "assume" that the 
second word is part of the data field of a token that it does 
not recognize. 

In many cases, a pipeline stage or a connected block cf 
circuitry will modify a token. This usually, but not 
necessarily, takes the form of modifying the data field of a 
token. In addition, it is common for the number of data 
-eras in the token to be modified, either by removing certain 
data words or by adding new ones. in some cases, tokens are 
rer.cved entirely from the token stream. 
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In most applications, pipeline stages will typically only 
decode (be activated by) a few tokens; the stage does not 
recognize other tokens and passes them on unaltered. In a 
large number of cases, only one token is decoded, the DATA 
Token word itself. 

In many applications, the operation of a particular stage 
will depend upon the results of its own past operations. The 
"state" of the stage, thus, depends on its previous states. 
In other words, the stage depends upon stored state 
information, which is another way of saying it must retain 
some information about its own history one or more clock 
cycles ago. The present invention is well-suited for use in 
pipelines that include such "state machine" stages, as well 
as for use in applications in which the latches in the data 
path are simple pipeline latches. 

The suitability of the two-wire interface/ in accordance 
with the present invention, for such "state machine" circuits 
is a significant advantage of the invention. This is 
especially true where a data path is being controlled by a 
state machine. In this case, the two-wire interface 
technique above-described may be used to ensure that the 
"current state" of the machine stays in step with the data 
which it is controlling in the pipeline. 

Fig. 6 shows a simplified block diagram of one example of 
circuitry included in a pipeline stage for decoding a token 
address field. This illustrates a pipeline stage that has 
the characteristics of a "state machine". Each word of a 
token includes an "extension bit" which is HIGH if there are 
r.ore words in the token or LOW if this is the last word cf 
the token. If this is the last word of a token, the next 
valid data word is the start of a new token and, therefore, 
its address must be decoded. The decision as to whether or 
net to decode the token address in any given word, thus, 
depends upon knowing the value of the previous extension bit. 
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For the sake of simplicity only, the two-wire interface 
(with the acceptance and validation signals and latches) is 
not illustrated and all details dealing with resetting the 
circuit are omitted. As before, an 8-bit data word is 
5 assumed by way of example only and not by way of limitation* 
This exemplifying pipeline stage delays the data bits and 
the extension bit by one pipeline stage. It also decodes the 
DATA Token. At the point when the first word of the DATA 
Token is presented at the output of the circuit, the signal 

10 "DATA_ADDR" is created and set HIGH. The data bits are 
delayed by the latches LDIN and LDOUT, each of which is 
repeated eight times for the eight data bits used in this 
example (corresponding to an 8-input, 8-output latch) . 
Similarly, the extension bit is delayed by extension bit 

15 latches LEIN and LEOUT. 

In this example, the latch LEPREV is provided to store the 
most recent state of the extension bit. The value of the 
extension bit is loaded into LEIN and is then loaded into 
LEOUT on the next rising edge of the non-overlapping clock 

20 phase signal PHI. Latch LEOUT , thus, contains the value of 
the current extension bit, but only during the second half of 
the non-overlapping, two-phase clock. Latch LEPREV, however, 
loads this extension bit value on the next rising edge of the 
clock signal PHO, that is, the same signal that enables the 

2 5 extension bit input latch LEIN. The output QEPREV of the 
latch LEPREV , thus, will hold the value of the extension bit 
during the previous PHO clock phase. 

The five bits of the data word output from the inverting 
Q output, plus the non-inverted MD[2j, of the latch LDIN are 

ZZ combined with the previous extension bit value QEPREV in a 
series of logic gates NAND1, NAND2 , and NOR1 , whose 
operations are well known in the art of digital design. The 
designation "N_MD { m ] indicates the logical inverse cf bit - 
wf the mid-data word MD[":C;. Using known techniques zz 
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Boolean algebra, it can be shown that the output signal SA 
from this logic block (the output from N0R1) is HIGH (a "i") 
only when the previous extension bit is a "0" { QPREV="0" ) and 
the data word at the output of the non-inverting Q latch (the 
original input word) LDIN has the structure "OOOOOlxx" , that 
is, the five high-order bits MD[7]-MD[3] bits are all "0" and 
the bit MD[2] -is a "1" and the bits in the Zero-one positions 
have any arbitrary value. 

There are, thus, four possible data words (there are four 
permutations of "xx") that will cause SA and, therefore, the 
output of the address signal latch LADDR to whose input SA is 
connected, to become HIGH. In other words, this stage 
provides an activation signal (DATA_ADDR * "l") only when one 
of the four possible proper tokens is presented and only when 
the previous extension bit was a zero, that is, the previous 
data word was the last word in the previous series of token 
words, which means that the current token word is zpe first 
one in the current token. 

When the signal QPREV from latch LEPREV is LOW , the value 
at the output of the latch LDIN is therefore the first word 
of a new token. The gates NAND1, NAND2 and NORl decode the 
DATA token (OOOOOlxx). This address decoding signal SA is, 
however, delayed in latch LADDR so that the signal DATA_ADDR 
has the same timing as the output data OUT_DATA and OUT_EXTN. 

Fig. 7 is another simple example of a state-dependent 
pipeline stage in accordance with the present invention, 
which generates the signal LAST_OUT_EXTN to indicate the 
value of the previous output extension bit OUT_EXTN. One of 
the two enabling signals {at the CK inputs) to the present 
and . last extension bi-t latches, LEOLT and LZPRZ': , 
respectively, is derived from the gate AND1 such that these 
latches only load a new value for them when the data is vaii- 
and is being accepted (the Q outputs are HIGH frcn the 
cutout validation and acceptance latches LVOIT and LAOl'T , 
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respectively) * In this way, they only hold valid extension 
bits and are not loaded with spurious values associated with 
data that is not valid. In the embodiment shown in Fig, 7, 
the two-wire valid/accept logic includes the 0R1 and 0R2 
5 gates with input signals consisting of the downstream 
acceptance signals and the inverting output of the validation 
latches LVIN and LVOUT, respectively* This illustrates one 
way in which the gates NAKD1/2 and INVi/2 in Fig, 4 can be 
replaced if the latches have inverting outputs. 

10 Although this is an extremely simple example of a "state- 

dependent' 1 pipeline stage, i.e., since it depends on the 
state of only a single bit, it is generally true that all 
latches holding state information will be updated only when 
data is actually transferred between pipeline stages. In 

15 other words, only when the data is both valid and being 
accepted by the next stage. Accordingly, care must be taken 
to ensure that such latches are properly reset. 

The generation and use of tokens in accordance with the 
present invention, thus, provides several advantages over 

20 known encoding techniques for data transfer througn a 
pipeline . 

First, the tokens, as described above, allow for variable 
length address fields (and can utilize Huffman coding for 
example) to provide efficient representation of common 
2 5 tokens. 

Second, consistent encoding of the length of a token 
allows the end of a token (and hence the start of the next 
token) to be processed correctly (including simple non- 
manipulative transfer) , even if the token is not recognized 
20 by the token decoder circuitry in a given pipeline stage. 

Third, rules and hardware structures for the handling of 
unrecognized tokens (that is, for passing them on unmodified, 
allow communication between one stage and a downstream st3qe 
that is not its nearest neighbor in the pipeline. This ali: 
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increases the expandability and efficient adaptability of the 
pipeline since it allows for future changes in the token set 
without requiring large scale redesigning of existing 
pipeline stages. The tokens of the present invention are 
particularly useful when used in conjunction with the two- 
wire interface that is described above and below. 

As an example of the above, Figs. 3a and 3b, taken 
together (and referred to collectively below as Fig. 3), 
depict a block diagram of a pipeline stage whose function is 
as follows. If the stage is processing a predetermined token 
(known m this example as the DATA token), then it will 
duplicate every word in this token with the exception of the 
first one, which includes the address field of the DATA 
token. If, on the other hand, the stage is processing any 
other kind of token, it will delete every word* The overall 
effect is that, at the output, only DATA Tokens appear and 
each word within these tokens is repeated twice. 

Many of the components of this illustrated system may be 
the same as those described in the much simpler structures 
shown in Figs. 4, 6, and 1, This illustrates a significant 
advantage. More complicated pipeline stages will still enjoy 
the same benefits of flexibility and elasticity, since the 
same two-wire interface may be used with little or no 
adaptation. 

The data duplication stage shown in Fig. 3 is merely one 
example of the endless number of different types of 
operations that a pipeline stage could perform in any given 
application. This "duplication stage" illustrates, however, 
a stage that can form a "bottleneck", so that the pipeline 
according to this embodiment will "pack together". 

A "bottleneck" can be any stage that either takes a 
relatively long time to perform its operations, or that 
creates more data in the pipeline than it receives. This 
example also illustrates that the two-wire accept/valid 
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DCT 83. The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12 , the standard- 
5 independent units include the DRAM interface 100, the fork 
91, the FIFO register 96, the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H.261 and in MPEG, and 
the prediction filter 103, which is reconf igurable to have 

10 the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip . is 
independent of the standard. The only items that are 

15 affected by the standard is the way the data is written into 
the DRAM in the case of H.2 61, which differs from MPEG or 
JPEG; and that in H.2 61, it is not necessary to code every 
single picture. There is some timing information referred to 
as a temporal reference which provides some information 

2 0 regarding when the pictures are intended to be displayed, and 

that is also handled by the address generation type of logic 
in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 
25 up-sampling filters and all of the gamma correction RAMs, is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 

3 0 recognize different start code patterns in the bitstream for 

each of the standards. * For example, H.261 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 
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internal control signals used to duplicate data. These 
include a "DATAJTOKEM" signal that indicates that the 
circuitry is currently processing a valid DATA Token, and a 
NOT_DUPLICATE signal which is used to control duplication of 
5 data. When the circuitry is processing a DATA Token, the 
NOT_DUPLICATE signal toggles between a HIGH and a LOW state 
and this causes each word in the token to be duplicated once 
(but no more times) . When the circuitry is not processing a 
valid DATA Token then the NOT_DUPLI CATE signal is held in a 

10 HIGH state. Accordingly, this means that the token words 
that are being processed are not duplicated. 

As Fig. 8a illustrates, the upper six bits of 3-bit 
intermediate data word and the output signal QI1 from the 
latch LI1 form inputs to a group of logic gates N0R1 , N0R2 , 

15 NAND18 . The output signal from the gate NAND18 is labeled 
SI. Using well-known Boolean algebra, it can be shown that 
the signal Si is a "0" only when the output signal QI1 is a 
"1" and the MID_DATA word has the following structure: 
"OOOQOlxx", that is, -the upper five bits are all "0" # the bit 

2 0 MID_DATA[2] is a "1 M and the bits in the MID_DATA.;i] and 
MID_DATA[0] positions have any arbitrary value. Signal SI, 
therefore, acts as a "token identification signal" which is 
low only when the MIDJDATA signal has a predetermined 
structure and the output from the latch LI1 is a "i" . The 

25 nature of the latch LI1 and its output QI1 is explained 
further below. 

Latch LOl performs the function of latching the last value 
of the intermediate extension bit (labeled M MID_EXTN ,f and as 
signal S4), and it loads this value on the next rising edge 
30 of the clock phase PHO into the latch LI1, whose output is 
the bit QI1 and is one of the inputs to the token decoding 
logic group that forms signal SI. Signal SI, as is explained 
above, may only drop to a "0" if the signal QIl is a "i M (and 
the MID_DATA signal has the predetermined structure) . Signal 
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SI may, therefore, only drop to a "0" whenever the last 
extension bit was "0", indicating that the previous token has 
ended. Therefore, the MID_DATA word is the first data word 
in a new token. 

5 The latches L02 and LI2 together with the NAND gates 

NAND20 and NAND22 form storage for the signal, DATAJTOKEN. 
In the normal situation, the signal QI1 at the input to 
NAND20 and the signal 51 at the input to NAND22 will both be 
at logic "l" . It can be shown, again by the techniques of 

10 Boolean algebra, that in this situation these NAND gates 
operate in the same manner as inverters, that is, the signal 
QI2 from the output of latch LI2 is inverted in NAND20 and 
then this signal is inverted again by NAND 2 2 to form the 
signal S2 . In this case, since there are two logical 

15 inversions in this path, the signal S2 will have the same 
value as QI2 . 

It can also be seen that the signal D AT A — TOKEN at the 
output of latch L02 forms the input to latch LI 2. As a 
result, as long as the situation remains in which both QI1 

20 and SI are HIGH, the signal DATA_TOKEN will retain its state 
{whether 0 or "1") . This is true even though the clock 
signals PHO and PHI are clocking the latches (LI2 and L02 
respectively) . The value of DATA_TOKEN can only change when 
one or both of the signals QI1 and SI are "0". 

25 As explained earlier, the signal QIl will be "0" when the 

previous extension bit was ,f 0 M . Thus, it will be "0" 
whenever the MID_DATA value is the first word of a token 
{and, thus, includes the address field for the token). In 
this situation, the signal SI may be either "0" or "1". As 

10 explained earlier, signal SI will be "0" if the MID_DATA word 
has the predetermined structure that in this example 
indicates a "DATA" Token. If the MID_DATA word has any other 
structure, (indicating that the token is some other token, 
not a DATA Token) , SI will be "1". 
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If QI1 is "0" and SI is "1", this indicates there is seme 
token other than a DATA Token. As is well known in the field 
of digital electronics, the output of NAND20 will be M i". 
The NAND gate NAND22 will invert this (as previously 
5 explained) and the signal S2 will thus be a "0" . As a 
result, this "0" value will be loaded into latch L02 at the 
start of the next PHI clock phase and the DATA_TOKEN signal 
will become "0", indicating that the circuitry is not 
processing a DATA token. 

10 If QIl is "0" and SO is "0'\ thereby indicating a DATA 

token, then the signal S2 will be "1" (regardless of the 
other input to NAND22 from the output of NAND20) . As a 
result, this M l" value will be loaded into latch L02 at the 
start of the next PHI clock phase and the DATA_TOKEN signal 

15 will become "1", indicating that the circuitry is processing 
a DATA token. 

The NOT_DUPLICATE signal (the output signal Q03) is 
similarly loaded- into the latch LI3 on the next rising edge 
of the clock PHO. The output . signal QI3 from the latch LI3 

20 is combined with the output signal QI2 in a gate NAND24 to 
form the signal S3. As before, Boolean algebra can be used 
to show that the signal S3 is a "0" only when both of the 
signals QI2 and QI3 have the value "l". ' If the signal QI2 
becomes a "0", that is, the DATA TOKEN signal is a "0", then 

25 the signal S3 becomes a "1". In other words, if there is not 
a valid DATA TOKEN {QI2 = 0) or the data word is not a 
duplicate (QI3 » 0) , then the signal S3 goes high. 

Assume now, that the DATA TOKEN signal remains HIGH for 
more than one clock signal. Since the NOT_DUFLICATE signal 

20 (Q03) is "fed back" to the latch LI3 and will be inverted cy 
the gate NAND 24 (since its other input QI2 is held HIGH ; , 
the output signal Q03 will toggle between "0" and "l" . If 
there is no valid DATA Token, however, the signal QI2 will :s 
a H 0" , and the signal S3 and the output Q03, will be forced 
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HIGH until the DATE_TOKEN signaJ>.once again goes to a "i". 

The output Q03 (the NOT — DUPLICATE signal) is also fed back 
and is combined with the output QA1 from the acceptance latch 
LAIN in a series of logic gates (NAND16 and INVie, which 
5 together form an AMD gate) that have as their output a "1 M , 
only when the signals QA1 and Q03 both have the value " i". 
As Fig. 8a shows, the output from the AND gate (the gate 
NAND16 followed by the gate INV16) also forms the acceptance 
signal, IN_ACCEPT, which is used as described above in the 

10 two-wire interface structure. 

The acceptance signal IN_ACCEPT is also used as an 
enabling signal to the latches LDIN, LEIN, and LVIN. As a 
result, if the NOT^DUPLICATE signal is low, the acceptance 
signal IN_ACCEPT will also be low, and all three of these 

15 latches will be disabled and will hold the values stored at 
their outputs. The stage will not accept new data until the 
NOTJDUPLICATE signal becomes HIGH . This is in addition to 
the requirements described above for forcing the output from 
the acceptance latch LAIN high, 

2 0 As long as there is a valid DATAJTOKEN (the DATA_TOKEN 

signal Q02 is a M 1 M ) , the signal QC3 will toggle between the 
HIGH and LOW states, so that the input latches will be 
enabled and will be able to accept data, at most, during 
every other complete cycle of both clock phases PHO, PHI, 

25 The additional condition that the following stage be prepared 
to accept data, as indicated by a "HIGH" OUT_ACCEPT signal, 
must, of course, still be satisfied. The output latch LDOUT 
will, therefore, place the same data word onto the output bus 
0UT_DATA for at least two full clock cycles. The OUT_VALI3 

30 signal will be a "i" .only when there is both a valid 
DATAJTOKEN (Q02 HIGH) and the validation signal QVOUT is 
HIGH . 

The signal QEIM , which is the extension bit corresponding 
to MID_DATA, is combined with the signal S3 in a series of 
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logic gates (INV10 and NAND10) to form a signal S4 . During 
presentation of a DATA Token, each data word MID_DATA will toe 
repeated by loading it into the output latch LDOUT twice. 
During the first of these, S4 will be forced to a 11 1" by the 
5 action of N AND 10 . The signal S4 is loaded in the latch LEOUT 
to form OUTEXTN at the same time as MID_DATA is loaded into 
LDOUT to form OUT_DATA[ 7:0]. 

Thus, the first time a given MIDJDATA is loaded into 
LEOUT, the associated OUTEXTN will be forced high, whereas, 

10 on the second occasion, OUTEXTN will be the same as the 
signal QEIN. Now consider the situation during the very last 
word of a token in which QEIN is known to be low. During the 
first time MID_DATA is loaded into LDOUT, OUTEXTN will be 
"1", and during the second time, OUTEXTN will be M 0", 

15 indicating the true end of the token. 

The output signal QVIN from the validation latch LVIN is 
combined with the signal QI3 in a similar gate combination 
(INV12 and NAND12) to form a signal S5. Using known Boolean 
techniques, it can be shown that the signal 55 is HIGH either 

20 when the validation signal QVIN is HIGH, or when the signal 
QI3 is low (indicating that the data is a duplicate) . The 
signal S5 is loaded into the validation output latch LVOUT at 
the same time that MID_DATA is loaded into LDOUT and the 
intermediate extension bit (signal S4) is loaded into LEOUT . 

25 Signal S5 is also combined with the signal Q02 (the data 
token signal) in the logic gates NAND30 and INV30 to form the 
output validation signal OUT_VALID. As was mentioned 
earlier, OUT_VALID is HIGH only when there is a valid token 
and the validation signal QVOUT is high. 

30 in the present invention, the MID_ACCEPT signal is 

combined with the signal S5 in a series of logic gates 
( NAND2 6 and INV26) that perform the well-known AND function 
to form a signal S6 that is used as one of the two enabling 
signals to the latches LOl, L02 and L03 . The signal S6 rises 
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to a "l" when the MID_ACCEPT signal is HIGH and when either 
the validation signal QVIN is high, or when the token is a 
duplicate (QI3 is a "0") . If the signal MID_ACCEPT is HIGH , 
the latches L01-L03 will, therefore, be enabled when the 
5 clock signal PHI is high whenever valid input data is loaded 
at the input of the stage, or when the latched data is a 
duplicate. 

From the discussion above, one can see that the stage 
shown in Figs. 8a and 8b will receive and transfer data 
10 between stages under the control of the validation and 
acceptance signals, as in previous embodiments, with the 
exception that the output signal from the acceptance latch 
LAIN at the input side is combined with the toggling 
s| duplication signal so that a data word will be output twice 

I'll 15 before a new word will be accepted. 

ffl The various logic gates such as NAND16 and INV16 may, of 

s course, be replaced by equivalent logic circuitry (in this 

J? case, a single AND gate). Similarly, if the latches LEIN and 

LVIN, for example, .have inverting outputs, the inverters 
® 20 IN'VIO and INV12 will not be necessary. Rather, the 

2 corresponding input to the gates NAND10 and NAND12 can be 

tied directly to the inverting outputs of these latches. As 
long as the proper logical operation is performed, the stage 
will operate in the same manner. Data words and extension 
23 bits will still be duplicated. 

One should note that the duplication function that the 
illustrated stage performs will not be performed unless the 
first data word of the token has a "l" in the third position 
of the word and "O's" in the five high-order bits. (Of 
30 course, the required pattern can easily be changed and set by 
selecting other logic gates and interconnections other than 
the N0R1, N0R2, NND18 gates shown.) 

In addition, as Fig. 8 shows, the OUT_VALID signal will be 
forced low during the entire token unless the first data wcrd 
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has the structure described above* This has the effect that 
all tokens except the one that causes the duplication process 
will be deleted fro* the token stream, since a device 
connected to the output terminals (OUTDATA, OUTEXTN and 
5 OUTVALID) will not recognize these token words as valid data. 
As before, both validation latches LVIN, LVOUT in the 
stage can be reset by a single conductor NOT_RESETO, and a 
single resetting input R on the downstream latch LVOUT, with 
the reset signal being propagated backwards to cause the 
10 upstream validation latch to be forced low on the next clock 
cycle* 

It should be noted that in the example shown in Fig, 8, 
the duplication of data contained in DATA tokens serves only 
as an example of the way in which circuitry may manipulate 

15 the ACCEPT and VALID signals so that more data is leaving the 
pipeline stage than that which is arriving at the input. 
Similarly, the example in Fig. 8 removes all non-DATA tokens 
purely as an illustration of the way in which circuitry may 
manipulate the VALID signal to remove data from the stream. 

20 In most typical applications, however, a pipeline stage will 
simply pass on any tokens that it does not recognize, 
unmodified, so that other stages further down the pipeline 
may act upon them if required. 

Figs. 9a and 9b taken together illustrate an example of a 

2 5 timing diagram for the data duplication circuit shown in 

Figs. 8a and 8b. As before, the timing diagram shows the 
relationship between the two-phase clock signals, the various 
internal and external control signals, and the manner in 
which data is clocked between the input and output sides of 

3 0 the stage and is duplicated. 

Referring now more particularly to Figure 10, there is 
shown a reconf igurable process stage in accordance with one 
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aspect of the present invention* 

Input latches 34 receive an input over a first bus 
31. A first output from the input latches 34 is passed over 
line 32 to a token decode subsystem 33* A second output from 
the input latches 34 is passed as a first input over line 3 5 
to a processing unit 36. A first output from the token decode 
subsystem 33 is passed over line 37 as a second input to the 
processing unit 36* A second output from the token decode 33 
is passed over line 40 to an action identification unit 39* 
The action identification unit 39 also receives input from 
registers 43 and 44 over line 46. The registers 43 and 44 
hold the state of the machine as a whole. This state is 
determined by the history of tokens previously received* The 
output from the action identification unit 39 is passed over 
line 38 as a third input to the processing unit 36. The 
output from the processing unit 36 is passed to output 
latches 41. The output from the output latches 41 is passed 
over a second bus 42* 

Referring now to Figure 11 , a Start Code Detector 
(SCD) 51 receives input over a two-wire interface 52. This 
input can be either in the form of DATA tokens or as data 
bits in a data stream. A first output from the Start Code 
Detector 51 is passed over line 53 to a first logical first- 
in first-out buffer (FIFO) 54. The output from the first 
FIFO 54 is logically passed over line 55 as a first input to 
a Huffman decoder 56. A second output from the Start Code 
Detector 51 is passed over line 57 as a first input to a DRAM 
interface 58. The DRAM interface 58 also receives input from 
a buffer manager 59 over line 60. Signals are transmitted to 
and received from external DRAM (not shown) by the DRAM 
interface 58 over line 61. A first output from the DRAM 
interface 58 is passed over line 62 as a first physical input 
to the Huffman decoder 56. 
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The output from the Huffman decoder 56 is passed 
over line 63 as an input to an Index to Data Unit (ITOD) 64. 
The Huffman decoder 56 and the ITOD 64 work together as a 
single logical unit. The output from the ITOD 64 is passed 
5 over line 65 to an arithmetic logic unit (ALU) 66. A first 
output from the ALU 66 is passed over line 67 to a read-only 
memory (ROM) state machine 68. The output from the ROM state 
machine 68 is passed over line 69 as a second physical input 
to the Huffman decoder 56. A second output from the ALU 66 

10 is passed over line 70 to a Token Formatter (T/F) 71. 

A first output 72 from the T/F 71 of the present 
invention is passed over line 72 to a second FIFO 73. The 
output from the second FIFO 73 is passed over line 74 as a 
first input to an inverse modeller 75. A second output from 

15 the T/F 71 is passed over line 76 as a third input to the 
DRAM interface 58. A third output from the DRAM interface 58 
is passed over line 77 as a second input to the inverse 
modeller 75. The output from the inverse modeller 7 5 is 
passed over line 78 as an input to an inverse quantizer 79 

2 0 The output from the inverse quantizer 79 is passed over line 
8 0 as an input to an inverse zig-zag (122) 81. The output 
from the 122 81 is passed over line 82 as an input to an 
inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not 

2 5 shown) . 

Referring now more particularly to Figure 12, a 
temporal decoder in accordance with the present invention is 
shown. A fork 91 receives as input over line 92 the output 
from the IDCT 8 3 (shown in Fig. 11) . As a first output from 
30 the fork 91, the control tokens, e.g., motion vectors and the 
like, are passed over line 93 to an address generator 94. 
Data tokens are also passed to the address generator 94 for 
counting purposes. As a second output from the fork 91, the 



data is passed over line 95 to a FIFO 96. The output from the 
FIFO 96 is then passed over line 97 as a first input to a 
summer 98. The output from the address generator 94 is 
passed over line 99 as a first input to a ORAM interface 100. 
Signals are transmitted to and received from external DRAM 
(not shown) by the DRAM interface 100 over line 101, A first 
output from the DRAM interface 100 is passed over line 102 to 
a prediction filter 103. The output from the prediction 
filter 103 is passed over line 104 as a second input to the 
summer 98. A first output from the summer 98 is passed over 
line 105 to output selector 106. A second output from the 
summer 98 is passed over line 107 as a second input to the 
DRAM interface 100. A second output from the DRAM interface 
100 is passed over line 108 as a second input to the output 
selector 106, The output from the output selector 106 is 
passed over line 109 to a Video Formatter (not shown in 
Figure 12) . 

Referring now to Figure 13, a fork ill receives 
input from the output selector 106 (shown in Figure 12) over 
line 112. As a first output from the fork 111, the control 
tokens are passed over line 113 to an address generator 114. 
The output from the address generator 114 is passed over line 
115 as a first input to a DRAM interface 116. As a second 
output from the fork 111 the data is passed over line 117 as 
a second input to the DRAM interface 116. Signals are 
transmitted to and received from external DRAM (not shown) by 
the DRAM interface 116 over line 118. The output from the 
DRAM interface 116 is passed over line 119 to a display pipe 
120. 

It will be apparent from the above descriptions 
that each line may comprise a plurality of lines, as 
necessary. 
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Referring now to Figure 14a, in the MPEG standard 
a picture 131 is encoded as one or more slices 132. Each 
slice 132 is, in turn, comprised of a plurality of blocks 
133, and is encoded row-by-row, left-to-right in each row. 
5 As is shown, each slice 132 may span exactly one full line of 
blocks 133, less than one line B or D of blocks 133 or 
multiple lines C of blocks 133. 

Referring to Figure 14b f in the JPEG and H.261 
standards, the Common Intermediate Format (CIF) is used, 
10 wherein a picture 141 is encoded as 6 rows each containing 2 
j| groups of blocks (GOBs) 142. Each GOB 142 is, in turn, 

composed of either 3 rows or 6 rows of an indeterminate 
number of blocks 143. Each GOB 142 is encoded in a zigzag 
fll direction indicated by the arrow 144. The GOBs 142 are, in 

!tt i5 turn, processed row-by-row, left-to-right in each row. . 

s Referring now to Figure 14c, it can be seen that, 

2; for both MPEG and CIF, the output of the encoder is in the 

2 form of a data stream 151. The decoder receives this data 

CO stream 151. The decoder can then reconstruct the image 

20 according to the format used to encode it. In order to allow 
the decoder to recognize start and end points for each 
standard, the data stream 151 is segmented into lengths of 3 3 
blocks 152. 

Referring to Figure 15, a Venn diagram is shown, 
2 5 representing the range of values possible for the table 
selection from the Huffman decoder 56 (shown in Fig. 11) of 
the present invention. The values possible for an MPEG 
decoder and an H.261 decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
30 certain H.261 formats. Likewise, the values possible for an 
MPEG decoder and a JPEG decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
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certain JPEG formats. Additionally, it is shown that the 
H.261 values and the JPEG values do not overlap, indicating 
that no single table selection exists that will decode both 
formats* 

5 Referring now more particularly to Figure 16, there 

is shown a schematic representation of variable length 
picture data in accordance with the practice of the present 
invention. A first picture 161 to be processed contains a 
first P I CTURE_ST ART token 162, first picture information of 

10 indeterminate length 163, and a first PICTURE_END token 164. 
A second picture 165 to be processed contains a second 
P I CTURE_ST ART token 166, second picture information of 
indeterminate length 167, and a second P I CTURE_END token 168, 
The P I CTURE_ST ART tokens 162 and 166 indicate the start of 

15 the pictures 161 and 165 to the processor. Likewise, the 
PICTURE_END tokens 164 and 168 signify the end of the 
pictures 161 and 165 to the processor. This allows the 
processor to process picture information 163 and 167 of 
variable lengths. 

20 Referring to Figure 17, a split 171 receives input 

over line 172. A first output from the split 171 is passed 
over line 173 to an address generator 174. The address 
generated by the address generator 174 is passed over line 

175 to a DRAM interface 176. Signals are transmitted to and 
25 received from external DRAM (not shown) by the DRAM interface 

176 over line 177. A first output from the DRAM interface 
176 is passed over line 178 to a prediction filter 179. The 
output from the prediction filter 179 is passed over line 18 0 
as a first input to a summer 181. A second output from the 

30 split 171 is passed over line 182 as an input to a first-in 
first-out buffer (FIFO) 18 3. The output from the FIFO 18 3 is 
passed over line 184 as a second input to the summer 181. 
The output from the summer 181 is passed over line 185 to a 
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write signal generator 186* A first output from the write 
signal generator 186 is passed over line 187 to the DRAM 
interface 176. A second output from the write signal 
generator 186 is passed over line 188 as a first input to a 
read signal generator 189. A second output from the DRAM 
interface 176 is passed over line 190 as a second input to 
the read signal generator 189. The output from the read 
signal generator 189 is passed over line 191 to a Video 
Formatter (not shown in Figure 17) . 

Referring now to Figure 18, the prediction 
filtering process is illustrated. A forward picture 2 01 is 
passed over line 202 as a first input to a summer 203. A 
backward picture 204 is passed over line 205 as a second 
input to the summer 203. The output from the summer 203 is 
passed over line 206. 

Referring to Figure 19, a slice 211 comprises one 
or more macroblocks 212. In turn, each macroblock 212 
comprises four luminance blocks 213 and two chrominance 
blocks 214, and contains the information for an original 16 
x 16 block of pixels. Each of the four luminance blocks 213 
and two chrominance blocks 214 is 8 x 8 pixels in size. The 
four luminance blocks 213 contain a 1 pixel to 1 pixel 
mapping of the luminance (Y) information from the original 16 
x 16 block of pixels. One chrominance block 214 contains a 
representation of the chrominance level of the blue color 
signal (Cu/b) , and the other chrominance block 214 contains 
a representation of the chrominance level of the red color 
signal (Cv/r) . Each chrominance level is subsampled such 
that each 8x8 chrominance block 214 contains the 
chrominance level of its color signal for the entire original 
16 x 16 block of pixels. 

Referring now to Figure 20, the structure and 
function of the Start Code Detector will become apparent. A 
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value register 221 receives image data over a line 222. The 
line 222 is eight bits wide, allowing for parallel 
transmission of eight bits at a time. The output from the 
value register 221 is passed serially over line 223 to a 
decode register 224. A first output from the decode register 
224 is passed to a detector 225 over a line 226. The line 
226 is twenty-four bits wide, allowing for parallel 
transmission of twenty-four bits at a time. The detector 2 25 
detects the presence or absence of an image which corresponds 
to a standard-independent start code of 23 "zero" values 
followed by a single "one" value. An 8-bit data value image 
follows a valid start code image. On detecting the presence 
of a start code image, the detector 225 transmits a start 
image over a line 227 to a value decoder 228. 

A second output from the decode register 224 is 
passed serially over line 229 to a value decode shift 
register 23 0. The value decode shift register 230 can hold 
a data value image fifteen bits long. The 8-bit data value 
following the start code image is shifted to the right of the 
value decode shift register 2 30, as indicated by area 231. 
This process eliminates overlapping start code images, as 
discussed below. A first output from the value decode shift 
register 230 is passed to the value decoder 228 over a line 
232, The line 232 is fifteen bits wide, allowing for 
parallel transmission of fifteen bits at a time. The value 
decoder 228 decodes the value image using a first look-up 
table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which 
passes a flag to an index-to-tokens converter 234 over a line 
235. The value decoder 228 also passes information to the 
index-to-tokens converter 234 over a line 236. The 
information is either the data value image or start code 
index image obtained from the first look-up table. The flag 
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indicates which form of information is passed. The line 236 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time* While 15 bits has been chosen here 
as the width in the present invention it will be appreciated 
that bits of other lengths may also be used. The index-to- 
tokens converter 234 converts the information to token images 
using a second look-up table (not shown) similar to that 
given in Table 12-3 of the Users Manual. The token images 
generated by the index-to- tokens converter 234 are then 
output over a line 237. The line 237 is fifteen bits wide, 
allowing for parallel transmission of fifteen bits at a time. 

Referring to Figure 21, a data stream 241 
consisting of individual bits 24 2 is input to a Start Code 
Detector (not shown in Figure 21) . A first start code image 
243 is detected by the Start Code Detector. The Start Code 
Detector then receives a first data value image 244. Before 
processing the first data value image 244, the Start Code 
Detector may detect a second start code image 245, which 
overlaps the first data value image 244 at a length 246. If 
this occurs, the Start Code Detector does not process the 
first data value image 244, and instead receives and 
processes a second data value image 247. 

Referring now to Figure 22, a flag generator 251 
receives data as a first input over a line 252. The line 252 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. The flag generator 251 also receives 
a flag as a second input over a line 253, and receives an 
input valid image over a first two-wire interface 254. A 
first output from the flag generator 251 is passed over a 
line 255 to an input valid register (not shown) . A second 
output from the flag generator 251 is passed over a line 256 
to a decode index 257. The decode index 257 generates four 
outputs; a picture start image is passed over a line 258, a 
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picture number iaage is passed over a line 259, an insert 
image is passed over a line 260, and a replace image is 
passed over a line 261. The data from the flag generator 251 
is passed over a line 262a* A header generator 263 uses a 
5 look-up table to generate a replace image, which is passed 
over a line 262b. An extra word generator 264 uses the MPU 
to generate an insert image, which is passed over a line 
262c. Line 262a, and line 262b combine to form a line 262, 
which is first input to output latches 265. The output 

10 latches 265 pass data over a line 266. The line 2 66 is 
fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. 

The input valid register (not shown) passes an 
image as a first input to a first OR gate 2 67 over a line 

15 268. An insert image is passed over a line 2 69 as a second 
input to the first OR gate 2 67, The output from the first OR 
gate 267 is passed as a first input to a first AND gate 270 
over a line 271. The logical negation of a remove image is 
passed over a line 272 as a second input to the first AND 

20 gate 27 0 is passed as a second input to the output latches 
265 over a line 273. The output latches 265 pass an output 
valid image over a second two-wire interface 274. An output 
accept image is received over the second two-wire interface 
274 by an output accept latch 275. The output from the 

25 output accept latch 275 is passed to an output accept 
register (not shown) over a line 27 6. 

The output accept register (not shown) passes an 
image as a first input to a second OR gate 277 over a line 
278. The logical negation of the output from the input valid 

3 0 register is passed as a second input to the second OR gate 
• 277 over a line 279. The remove image is passed over a line 
2 80 as a third input to the second OR gate 277. The output 
from the second OR gate 277 is passed as a first input to a 
second AND gate 281 over a line 282. The logical negation of 
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an insert image is passed as a second input to the second AND 
gate 281 over a line 283. The output from the second AND 
gate 281 is passed over a line 284 to an input accept latch 
285. The output from the input accept latch 285 is passed 
over the first two-wire interface 254. 
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TABLE COO 

1. H.261 
MPEG 
JPEG 



Image Received 
SEQUENCE START 
PICTURE START 
(Hone) 



Tokens ^nAr^t^ 
SEQUENCE START 
GROUP START 
PICTURE START 
PICTURE DATA 

2. H.261 (None) PICTURE END 

MPEG (None) PADDING 

JPEG (None) FLUSH 

STOP AFTER PICTURE 
As set forth in Table 600 which shows a relationship 
between the absence or presence of standard signals in the 
certain machine independent control tokens, the detection of 
an image by the Start Code Detector 51 generates a sequence 
of machine independent Control Tokens. Each image listed in 
the "Image Received" column starts the generation of all 
machine independent control tokens listed in the group in the 
"Tokens Generated" column- Therefore, as shown in line l of 
Table 600, whenever a "sequence start" image is received 
during H.261 processing or a "picture start" image is 
received during MPEG processing, the entire group of four 
control tokens is generated, each followed by its 
corresponding data value or values. In addition, as set 
forth at line 2 of Table 600, the second group of four 
control tokens is generated at the proper time irrespective 
of images received by the Start Code Detector 51. 
TABLE 601 

DISPLAY ORDER: II B2 B3 P4 B5 B6 P7 B8 B9 110 
TRANSMIT ORDER: II P4 B2 B3 P7 B5 B6 110 B8 B9 
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As shown in line 1 of Table 601 which shows the timing 
relationship between transmitted pictures and displayed 
pictures, the picture frames are displayed in numerical 
order. However, in order to reduce the number of frames that 
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must be stored in memory, the frames are transmitted m a 
different order. It is useful to begin the analysis from an 
mtrafrane (I frame) . The II frame is transmitted in the 
order it is to be displayed. The next predicted frame (P 
5 frame), PA, is then transmitted. Then, any bi-directionally 
interpolated frames (B frames) to be displayed between the 11 
frame and P4 frame are transmitted, represented by frames 32 
and B3 . This allows the transmitted B frames to reference a 
previous frame (forward prediction) or a future frame 

iO (backward prediction) . After transmitting all the B frames 
to be displayed between the II frame and the P4 frame, the 
next P frame, P7 , is transmitted. Next, all the B frames to 
be displayed between the P4 and P7 frames are transmitted, 
corresponding to B5 and B6. Then, the next I frame, 110, is 

15 transmitted. Finally, all the B frames to be displayed 
between the P7 and 110 frames are transmitted, corresponding 
to frames B8 and B9 . This ordering of transmitted frames 
requires only two frames to be kept in memory at any one 
time, and does not require the decoder to wait for the 

20 transmission of the next P frame or I frame to display an 
interjacent B frame. 

Furtner information regarding the structure and operation, 
as well as the features, objects and advantages, of the 
invention will become more readily apparent to one of 

25 ordinary skill in the art from the ensuing additional 
detailed description of illustrative embodiment of the 
invention which, for purposes of clarity and convenience of 
explanation are grouped and set forth in the following 
sections : 

2 0 1. Multi-Standard Configurations 

2. JPEG Still Picture Decoding 

3. Motion Picture Decompression 
. RAM Memory Map 

5. Bitstream Characteristics 
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6. Reconf igurable Processing Stage 

7. Multi-Standard Coding 

3. Multi-Standard Processing Circuit-2nd Mode of Operation 

9. Start Code Detector 

5 10. Tokens 

11. DRAM Interface 

12. Prediction Filter 

13. Accessing Registers 

14. Microprocessor Interface (MPI) 
10 15. MPI Read Timing 

16. MPI Write Timing 

17. Key Hole Address Locations 
13. Picture End 

19. Flushing Operation 

15 20. Flush Function 

2 1 . St op- After- Picture 

22. Multi-Standard Search Mode 

23. Inverse Modeler 

24. Inverse Quantizer 

20 25. Huffman Decoder and Parser 

26. Diverse Discrete Cosine Transformer 

27. Buffer Manager 
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1. MULTI-STANDARD CONFIGURATIONS 

Since the various compression standards, i.e., JPEG, 
MPEG and H.261, are well known, as for example as described 
in the aforementioned United States Patent No. 5,212,742, the 
5 detailed specifications of those standards are not repeated 
here. 

As previously mentioned, the present invention is 
capable of decompressing a variety of differently encoded, 
picture data bitstreams. In each of the different standards 

10 of encoding, some form of output formatter is required to 
take the data presented at the output of the spatial decoder 
operating alone, or the serial output of a spatial decoder 
and temporal decoder operating in combination, (as 
subsequently described herein in greater detail) and 

15 reformatting this output for use, including display in a 
computer or other display systems, including a video display 
system. Implementation of this formatting varies 

significantly between encoding standards and/or the type of 
display selected. 

20 In a first embodiment, in accordance with the present 

invention, as previously described with reference to Figures 
10-12 an address generator is employed to store a block of 
formatted data, output from either the first decoder (Spatial 
Decoder) or the combination of the first decoder (Spatial 

2 5 Decoder) and the second decoder (the Temporal Decoder) , and 

to write the decoded information into and/or from a memory in 
a raster order. The video formatter described hereinafter 
provides a wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment 

3 0 of the present invention, the Spatial Decoder and the 

Temporal Decoder are required to implement both an MPEG 
encoded signal and an H.261 video decoding system. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required to be reduced when working with 
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small picture formats and at low coded data rates. The 
reconfiguration of these DRAMs will be further described 
hereinafter with reference to the DRAM interface. Typically, 
a single 4 megabyte DRAM is required by each of the Temporal 

5 Decoder and the Spatial Decoder circuits. 

The Spatial Decoder of the present invention performs 
all the required processing within a single picture. This 
reduces the redundancy within one picture. 

The Temporal Decoder reduces the redundancy between the 

0 subject picture with relationship to a picture which arrives 
prior to the arrival of the subject picture, as well as a 
picture which arrives after the arrival of the subject 
picture. One aspect of the Temporal Decoder is to provide an 
address decode network which handles the complex addressing 

5 needs to read out the data associated with all of these 
pictures with the least number of circuits and with high 
speed and improved accuracy. 

As previously described with reference to Figure 11, the 
data arrives through the Start Code Detector, a FIFO register 

0 which precedes a Huffman decoder and parser, through a second 
FIFO register, an inverse modeller, an inverse quantizer, 
inverse zigzag and inverse DCT. The two FIFOs need not be on 
the chip. In one embodiment, the data does not flow through 
a FIFO that is on the chip. The data is applied to the DRAM 

5 interface, and the FIFO-IN storage register and the FIFO-OUT 
register is off the chip in both cases. These registers, 
whose operation is entirely independent of the standards, 
will subsequently be described herein in further detail. 

The majority of the subsystems and stages shown in 

0 Figure 11 are actually independent of the particular standard 
used and include the DRAM interface 58, the buffer manager 59 
which is generating addresses for the DRAM interface, the 
inverse modeller 75, tire inverse zig-zag 81 and the inverse 
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DCT 83. The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12 , the standard- 
5 independent units include the DRAM interface 100, the fork 
91, the FIFO register 96, the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H.261 and in MPEG, and 
the prediction filter 103, which is reconf igurable to have 

10 the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip . is 
independent of the standard. The only items that are 

15 affected by the standard is the way the data is written into 
the DRAM in the case of H.2 61, which differs from MPEG or 
JPEG; and that in H.2 61, it is not necessary to code every 
single picture. There is some timing information referred to 
as a temporal reference which provides some information 

2 0 regarding when the pictures are intended to be displayed, and 

that is also handled by the address generation type of logic 
in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 
25 up-sampling filters and all of the gamma correction RAMs, is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 

3 0 recognize different start code patterns in the bitstream for 

each of the standards. * For example, H.261 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 
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codes, its operation is essentially independent of the 
compression standard. For instance, during searching, apart 
from the circuitry that recognizes the different category of 
markers, much of the operation is very similar between the 
5 three different compression standards. 

The next unit is the state machine 68 (Figure 11) 
located within the Huffman decoder and parser. Here, the 
actual circuitry is almost identical for each of the three 
compression standards. In fact, the only element that is 
10 affected by the standard in operation is the reset address of 
q the machine. If just the parser is reset, then it jumps to 

m a different address for each standard. There are, in fact, 

^ four standards that are recognized. These standards are 

S| H.2 61, JPEG, MPEG and one other, where the parser enters a 

JiJ 15 piece of code that is used for testing. This illustrates 

Lyl that the circuitry is identical in almost every aspect, but 

J 1 the difference is the program in the microcode for each of 

the standards. Thus, when operating in H.261, one program is 
N* running, and when a different program is running, there is no 

2j 2 0 overlap between them. The same holds true for JPEG, which is 

H» a third, completely independent program. 

The next unit is the Huffman decoder 56 which 
functions with the index to data unit 64. Those two units 
cooperate together to perform the Huffman decoding. Here, 
25 the algorithm that is used for Huffman decoding is the same, 
irrespective of the compression standard. The changes are in 
which tables are used and whether or not the data coming into 
the Huffman decoder is inverted. Also, the Huffman decoder 
itself includes a state machine that understands some aspects 
3 0 of the coding standards. These different operations are 
selected in response to an instruction coming from the parser 
state machine. The parser state machine operates with a 
different program for each of the three compression standards 
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and issues the correct command to the Huffman decoder at 
different times consistent with the standard in operation* 

The last unit on the chip that is dependent on the 
compression standard is the inverse quantizer 79, where the 
mathematics that the inverse quantizer performs are different 
for each of the different standards. In this regard, a 
COD I NONSTANDARD token is decoded and the inverse quantizer 79 
remembers which standard it is operating in. Then, any 
subsequent DATA tokens that happen after that event , but 
before another CODING_STANDARD may come along, are dealt with 
in the way indicated by the COD I NG_ST AND ARD that has been 
remembered inside the inverse quantizer. In the detailed 
description, there is a table illustrating different 
parameters in the different standards and what circuitry is 
responding to those different parameters or mathematics. 

The address generation, with reference to H.2 61, differs 
for each of the subsystems shown in Figure 12 and Figure 13. 
The address generation in Figure 11, which generates 
addresses for the two FIFOs before and after the Huffman 
decoder, does not change depending on the coding standards. 
Even in H.261, the address generation that happens on that 
chip is unaltered. Essentially, the difference between these 
standards is that in MPEG and JPEG, there is an organization 
of macroblocks that are in linear lines going horizontally 
across pictures. As best observed in Figure 14a, a first 
macroblock A covers one full line. A macroblock B covers 
less than a line. A macroblock C covers multiple lines. The 
division in MPEG is into slices 132, and a slice may be one 
horizontal line, A, or it may be part of a horizontal line B, 
or it may extend from one* line into the next line, C. Each 
of these slices 132 is made up of a row of macroblocks. 

In H.261, the organization is rather different 
because the picture is divided into groups of blocks (GOB) . 
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A group of blocks is three rows of macroblocks high by eleven 
macroblocks vide. In the case of a CIF picture, there are 
twelve such groups of blocks. However, they are not 
organized one above the other- Rather, there are two groups 
5 of blocks next to each other and then six high, i.e., there 
are 6 GOB's vertically, and 2 GOB's horizontally. 

In all other standards, when performing the 
addressing, the macroblocks are addressed in order as 
described above. More specifically, addressing proceeds 
10 along the lines and at the end of the line, the next line is 
started. In H.261, the order of the blocks is the same as 
%| described within a group of blocks, but in moving onto the 

2f next group of blocks, it is almost a zig-zag. 

r|| The present invention provides circuitry to deal 

Oi- 15 with the latter affect. That is the way in which the address 

]f s generation in the spatial decoder and the video formatter 

H- varies for H.261. This is accomplished whenever information 

is written into the ORAM. It is written with the knowledge 
f|| of the aforementioned address generation sequence so the 

O 2 0 place where it is physically located in the RAM is exactly 

isa;K 

the same as if this had been an MPEG picture of the same 
size. Hence, all of the address generation circuitry for 
reading from the DRAM, for instance, when forming 
predictions, does not have to comprehend that it is H.261 
25 standard because the physical placement of the information in 
the memory is the same as it would have been if it had been 
in MPEG sequence. Thus, in all cases, only writing of data 
is affected. 

In the Temporal Decoder, there is an abstraction for 
30 H.261 where the circuitry pretends something is different 
from what is actually occurring. That is, each group of 
blocks is conceptually stretched out so that instead of 
having a rectangle which is 11 x 3 macroblocks, the 
macroblocks are stretched out into a length of 3 3 blocks (see 
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Figure 14c) group of blocks which is one macroblock high. By 
doing that, exactly the same counting mechanisms used on the 
Temporal Decoder for counting through the groups of blocks 
are also used for MPEG. 
5 There is a correspondence in the way that the 

circuitry is designed between an H.261 group of blocks and an 
MPEG slice. When H.2 61 data is processed after the Start 
Code Detector, each group of blocks is preceded by a 
slice_start_code. The next group of blocks is preceded by 

10 the next slice_start code. The counting that goes on inside 
the Temporal Decoder for counting through this structure 
pretends that it is a 33 macroblock-long group that is one 
macroblock high. This is sufficient, although the circuitry 
also counts every 11th interval. When it counts to the llth 

15 macroblock or the 22nd macroblock, it resets some counters* 
This is accomplished by simple circuitry with another counter 
that counts up each macroblock, and when it gets to li, it 
resets to zero. The microcode interrogates that and does 
that work. All the circuitry in the temporal decoder of the 

2 0 present invention is essentially independent of the 
compression standard with respect to the physical placement 
of the macroblocks. 

In terms of multi-standard adaptability, there are 
a number of different tables and the circuitry selects the 

2 5 appropriate table for the appropriate standard at the 

appropriate time. Each standard has multiple tables; the 
circuitry selects from the set at any given time. Within any 
one standard, the circuitry selects one table at one time and 
another table another time. In a different standard, the 

3 0 circuitry selects a different set of tables. There is some 

intersection between those tables as indicated previously in 
the discussion of Figure 15. For example, one of the tables 
used in MPEG is also used in JPEG ♦ The tables are not a 
completely isolated set. Figure 15 illustrates an H.261 
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perfojyrt^i by the Huffman decode^ , and parser state machine, 
where it is easy to manipulate bits based on certain 
conditions. The Start Code Detector generates this 
prediction mode token. The token then flows down the machine 
to the circuitry of the Temporal Decoder, which is the device 
responsible for forming predictions. The circuitry of the 
spatial decoder interprets the token without having to know 
what standard it is operating in because the bits in it are 
invariant in the three different standards. The Spatial 
Decoder ]ust does what it is told in response to that token. 
By having these tokens and using them appropriately, tne 
design of other units in the machine is simplified. Although 
there may be some complications in the program, benefits are 
received in that some of the hard wired logic which would be 
difficult to design for multi-standards can be used here. 

2. JPEG STILL PICTURE DECODING 

As previously indicated, the present invention rsla.es 
to signal decompression and, more particularly, to the 
decompression of an encoded video signal, irrespective of the 
compression standard employed. 

One aspect of the present invention is to provide a first 
decoder circuit (the Spatial Decoder) to decode a first 
encoded signal (the JPEG encoded video signal) in combination 
with a second decoder circuit (the Temporal Decoder) to 
decode a first encoded signal (the MPEG or H.261 encoded 
video signal) in a pipeline processing system. The Temporal 
Decoder is not needed for JPEG decoding. 

In this regard, the invention facilitates the 
decompression of a plurality of differently encoded signals 
through the use of a single pipeline decoder and 
decompression system. The decoding and decompression 
pipeline processor is organized on a unique and special 
configuration which allows the handling of the multi-standar z 



encoded ^video signals through the use of techniques all 
compatible with the single pipeline decoder and processing 
system. The Spatial Decoder is combined with the Temporal 
Decoder, and the Video Formatter is used in driving a video 
display . 

Another aspect of the invention is the use of the 
combination of the Spatial Decoder and the video Formatter 
for use with only still pictures. The compression standard 
independent Spatial Decoder performs all of the data 
processing within the boundaries of a single picture. Such 
a decoder handles the spatial decompression of the internal 
picture data which is passing through the pipeline and is 
distributed within associated random access memories , 
standard independent address generation circuits for handling 
the storage and retrieval of information into the memories. 
Still picture data is decoded at the output of the Spatial 
Decoder, and this output is employed as input to the multi- 
standard, configurable Video Formatter, which then provides 
an output to the display terminal. In a first sequence of 
similar pictures, each decompressed picture at the output of 
the Spatial Decoder is of the same length in bits by the time 
the picture reaches the output of the Spatial Decoder. A 
second sequence of pictures may have a totally different 
picture size and, hence, have a different length when 
compared to the first length. Again, all such second 
sequence of similar pictures are of the same length in bits 
by the time such pictures reach the output of the Spatial 
Decoder . 

Another aspect of the invention is to internally organize 
the incoming standard dependent bitstream into a sequence of 
control tokens and DATA tokens, in combination with a 
plurality of sequentially-positioned reconf igurabie 
processing stages selected and organized to act as a 
standard- independent , reconf igurable-pipe line-processor . 
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With regard to JPEG decoding, a single Spatial Decoder 
with no off chip DRAM can rapidly decode baseline JPEG 
images. The Spatial Decoder supports all features of 
baseline JPEG encoding standards. However, the image size 
5 that can be decoded may be limited by the si2e of the output 
buffer provided. The Spatial Decoder circuit also includes 
a random access memory circuit, having machine-dependent, 
standard independent address generation circuits for handling 
the storage of information into the memories, 
10 As previously, indicated the Temporal Decoder is not 

required to decode JPEG-encoded video. Accordingly, signals 
q carried by DATA tokens pass directly through the Temporal 

"tt Decoder without further processing when the Temporal Decoder 

is configured for a JPEG operation. 
Nt 15 Another aspect of the present invention is to provide in 

SI the Spatial Decoder a pair of memory circuits, such as buffer 

III memory circuits, for operating in combination with the 

* y Huffman decoder/ video demultiplexer circuit (HD & VDM) . A 

r;| first buffer memory is positioned before the HD & VDM , and a 

J 2 0 second buffer memory is positioned after the HD & VDM * The 

HD Sl VDM decodes the bitstream from the binary ones and zeros 
b k that are in the standard encoded bitstream and turns such 

stream into numbers that are used downstream. The advantage 
of the two buffer system is for implementing a multi-standard 
25 decompression system. These two buffers, in combination with 
the identified implementation of the Huffman decoder, are 
described hereinafter in greater detail. 

A still further aspect of the present multi-standard, 
decompression circuit is the combination of a Start Code 
30 Detector circuit positioned upstream of the first forward 
buffer operating in combination with the Huffman decoder. 
One advantage of this combination is increased flexibility in 
dealing with the input bitstream, particularly padding, whicn 
has to be added to the bitstream. The placement of these 
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ident**fi^d components, Starr code Detector, memory buffers, 
and Huffman decoder enhances the handling of certain 
sequences in the input bitstream. 

In addition, off chip DRAMs are used for decoding JPEG- 
3 encoded video pictures in real time. The size and speed of 
the buffers used with the DRAMs will depend on the video 
encoded data- rates. 

The coding standards identify all of the standard 
dependent types of information that is necessary for storage 
10 in the DRAMs associated with the Spatial Decoder using 
^ standard independent circuitry. 

3. MOTION PICTURE DECOMPRESSION 
s i In the present invention, if motion pictures are being 

fll decompressed through the steps of decoding, a further 

CO 15 Temporal Decoder is necessary. The Temporal Decoder combines 

^ the data decoded in the Spatial Decoder with pictures, 

previously decoded, that are intended for display either 
ff before or after the picture being currently decoded. The 

p;i Temporal Decoder receives, in the picture coded datastream, 

O 20 information to identify this temporally-displaced 

r "' information. The Temporal Decoder is organized to address 

temporally and spatially displaced information, retrieve it, 
and combine it in such a way as to decode the information 
located in one picture with the picture currently being 
2 5 decoded and ending with a resultant picture that is complete 
and is suitable for transmission to the video formatter for 
driving the display screen. Alternatively, the resultant 
picture can be stored for subsequent use in temporal decoding 
of subsequent pictures. 
30 Generally, the Temporal Decoder performs the processing 

between pictures either earlier and/or later in time with 
reference to the picture currently being decoded. The 
Temporal Decoder reintroduces information that is not encoded 
within the coded representation of the picture, because it is 
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redurfdafit and is already available at the decoder. More 
specifically, it is probable that any given picture will 
contain similar information as pictures temporally 
surrounding it, both before and after. This similarity can 
5 be made greater if motion compensation is applied. The 
Temporal Decoder and decompression circuit also reduces the 
redundancy between related pictures. 

In another aspect of the present invention, the Temporal 
Decoder is employed for handling the standard-dependent 

10 output information from the Spatial Decoder. This standard 
dependent information for a single picture is distributed 
among several areas of DRAM in the sense that the 
decompressed output information, processed by the Spatial 
Decoder, is stored in other DRAM registers by other random 

15 access memories having still other machine-dependent, 
standard-independent address generation circuits for 
combining one picture of spatially decoded information packet 
of spatially decoded picture information, temporally 
displaced relative to the temporal position of the first 

20 picture. 

In multi-standard circuits capable of decoding MPEG- 
encoded signals, larger logic DRAM buffers may be required to 
support the larger picture formats possible with MPEG . 

The picture information is moving through the serial 
25 pipeline in 8 pel by 8 pel blocks. In one form of the 
invention, the address decoding circuitry handles these pel 
blocks (storing and retrieving) along such block boundaries. 
The address decoding circuitry also handles the storing and 
retrieving of such 8 by 8 pel blocks across such boundaries. 
20 This versatility is more completely described hereinafter. 

A second Temporal Decoder may also be provided which 
passes the output of the first decoder circuit (the Spatial 
Decoder) directly to the Video Formatter for handling without 
signal processing delay. 
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I&^Temporal Decoder also reprders the blocks of picture 
data for display by a display circuit. The address decode 
circuitry, described hereinafter, provides handling of this 
reordering . 

5 As previously mentioned, one important feature of the 

Temporal Decoder is to add picture information together from 
a selection of pictures which have arrived earlier or later 
than the picture under processing. When a picture is 
described in this context, it may mean any one of the 
10 following: 

1. The coded data representation of the picture; 
% 2. The result, i.e., the final decoded picture 

%| resulting from the addition of a process step 

/? performed by the decoder; 

ryi 15 3. Previously decoded pictures read from the DRAM; and 

4, The result of the spatial decoding, i.e., the extent 
of data between a PICTURE_START token and a 
H; subsequent PICTURE_£ND token. 

2; After the picture data information is processed by the 

0J 20 Temporal Decoder, it is either displayed or written back into 

s ff a picture memory location. This information is then kept for 

further reference to be used in processing another different 
coded data picture. 

Re-ordering of the MPEG encoded pictures for visual 
25 display involves the possibility that a desired scrambled 
picture can be achieved by varying the re-ordering feature of 
the Temporal Decoder. 

4. RAM MEMORY MAP 

The Spatial Decoder, Temporal Decoder and video 
20 Formatter all use external DRAM. Preferably, the same DRAM 
is used for ail three devices. While all three devices use 
DRAM , and ail three devices use a DRAM interface m 
conjunction with an address generator, what each implements 
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in DRAM is different. That is, each chip, e.g. Spatial 
Decoder and Temporal Decoder, have a different DRAM interface 
and address generation circuitry even through they use a 
similar physical, external DRAM. 
5 In brief, the Spatial Decoder implements two FIFOs in 

the common DRAM. Referring again to Figure 11, one FIFO 54 
is positioned before the Huffman decoder 56 and parser, and 
the other is positioned after the Huffman decoder and parser. 
The FIFOs are implemented in a relatively straightforward 
10 manner. For each FIFO, a particular portion of DRAM is set 
aside as the physical memory in which the FIFO will be 
implemented. 

The address generator associated with the Spatial 
Decoder DRAM interface 58 keeps track of FIFO addresses using 

15 two pointers. One pointer points to the first word stored in 
the FIFO, the other pointer points to the last word stored in 
the FIFO, thus allowing read/ write operation on the 
appropriate word. When, in the course of a read or write 
operation, the end of the physical memory is reached, the 

20 address generator "wraps around" to the start of the physical 
memory . 

In brief, the Temporal Decoder of the present invention 
must be able to store two full pictures or frames of whatever 
encoding standard (MPEG or H.261) is specified. For 

25 simplicity, the physical memory in the DRAM into which the 
two frames are stored is split into two halves, with each 
half being dedicated (using appropriate pointers) to a 
particular one of the two pictures. 

MPEG uses three different picture types: Intra (I), 

3 0 Predicted (P) and Bidirectionally interpolated (B) . As 
previously mentioned, B pictures are based on predictions 
from two pictures. One picture is from the future and one 
from the past, I pictures require no further decoding by the 
Temporal Decoder, but must be stored in one of the two 
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pictu-fr^ -buf f ers for later use in decoding P and B pictures. 
Decoding P pictures requires forming predictions from a 
previously decoded P or I picture. The decoded P picture is 
scored in a picture buffer for use decoding P and B pictures. 
5 B pictures can require predictions form both of the picture 
buffers. However, B pictures are not stored in the external 
DRAM. 

Note that I and P pictures are not output from the 
Temporal Decoder as they are decoded. Instead, I and P 

10 pictures are written into one of the picture buffers, and are 
read out only when a subsequent I or P picture arrives for 
decoding. In other words, the Temporal Decoder relies on 
subsequent P or I pictures to flush previous pictures out of 
the two picture buffers, as further discussed hereinafter in 

15 the section on flushing. In brief, the Spatial Decoder can 
provide a fake I or P picture at the end of a video sequence 
to flush out the last P or I picture. In turn, this fake 
picture is flushed when a subsequent video sequence starts. 
The peak memory band width load occurs when decoding B 

2 0 pictures. The worst case is the B frame may be formed from 
predictions from both the picture buffers, with all 
predictions being made to half-pixel accuracy. 

As previously described, the Temporal Decoder can be 
configured to provide MPEG picture reordering. with this 

25 picture reordering, the output of P and I pictures is delayed 
until the next P or I picture in the data stream starts to be 
decoded by the Temporal Decoder. 

As the P or I pictures are reordered, certain tokens are 
stored temporarily on chip as the picture is written into the 

20 picture buffers. when the picture is read out for display, 
these stored tokens are retrieved. At the output of the 
Temporal Decoder, the DATA Tokens of the newly decoded ? or 
I picture are replaced with DATA Tokens for the older P cr I 
picture . 
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^n^contrast, H.261 makes predictions only from the 
picture just decoded. As each picture is decoded, it is 
written into one of the two picture buffers so it can be used 
in decoding the next picture. The only DRAM memory 
5 operations required are writing 8x8 blocks, and forming 
predictions with integer accuracy motion vectors. 

In brief, the Video Formatter stores three frames or 
pictures. Three pictures need to be stored to accommodate 
such features as repeating or skipping pictures. 

10 5. BITSTREAM CHARACTERISTICS 

Referring now particularly to the Spatial Decoder of the 
present invention, it is helpful to review the bitstream 
characteristics of the encoded datastream as these 
II characteristics must be handled by the circuitry of the 

^ I 5 Spatial Decoder and the Temporal Decoder. For example, under 

one or more compression standards, the compression ratio of 
^ the standard is achieved by varying the number of bits that 

JII 1* uses to code the pictures of a picture. The number of 

SI bits can vary by a wide margin. Specifically, this means 

ff 20 that the length of a bitstream used to encode a referenced 

picture of a picture might be identified as being one unit 
long, another picture might be a number of units long, while 
still a third picture could be a fraction of that unit. 

None of the existing standards (MPEG 1.2, JPEG, H.261) 
25 define a way of ending a picture, the implication being that 
when the next picture starts, the current one has finished. 
Additionally, the standards (H.261 specifically) allow 
incomplete pictures to be generated by the encoder. 

In accordance with the present invention, there is 
3 0 provided a way of indicating the end of a picture by using 
one of its tokens: PICTL"RE_END. The still encoded picture 
data leaving the Start Code Detector consists of pictures 
starting with a PICTURE_START token and ending with a 
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PICTUR£_END token, but still of widely varying length. There 
may be other information transmitted here (between the first 
and second picture) , but it is known that the first picture 
has finished, 

5 The data stream at the output of the Spatial Decoder 

consists of pictures, still with picture-starts and picture- 
ends, of the same length (number of bits) for a given 
sequence* The length of time between a picture-start and a 
picture-end may vary. 
10 The Video Formatter takes these pictures of non-uniform 

O time and displays them on a screen at a fixed picture rate 

JJf determined by the type of display being driven. Different 

display rates are used throughout the world, e.g. PAL-NTSC 
I/f television standards. This is accomplished by selectively 

0§ 15 dropping or repeating pictures in a manner which is unique. 

W Ordinary "frame rate converters/ e.g. 2-3 pulldown, operate 

y with a fixed input picture rate, whereas the Video Formatter 

C;l can handle a variable input picture rate. 

|| €. RECOITF I CURABLE PROCESSING STAGE 

2 0 Referring again to Figure 10, the reconf igurable 

processing stage (RPS) comprises a token decode circuit 33 
which is employed to receive the tokens coming from a two 
wire interface 37 and input latches 34. The output of the 
token decode circuit 33 is applied to a processing unit 3 6 
25 over the two-wire interface 37 and an action identification 
circuit 39. The processing unit 3 6 is suitable for 
processing data under the control of the action 
identification circuit 39. After the processing is 
completed, the processing unit 3 6 connects such completed 

3 0 signals to the output, two-wire interface bus 4 0 through 

output latches 41. 

The action identification decode circuit 39 has an 
input from the token decode circuit 3 3 over the two-wire 
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interface bus 40 and /or from memory circuits 43 and 44 over 
two-wire interface bus 46. The tokens from the token decode 
circuit 33 are applied simultaneously to the action 
identification circuit 3 9 and the processing unit 36. The 
action identification function as well as the RPS is 
described in further detail by tables and figures in a 
subsequent portion of this specification. 

The functional block diagram in Figure 10 
illustrates those stages shown in Figures 11 , 12 and 13 which 
are not standard independent circuits. The data flows 
through the token decode circuit 33, through the processing 
unit 36 and onto the two-wire interface circuit 42 through 
the output latches 41. If the Control Token is recognized, by 
the RPS, it is decoded in the token decode circuit 33 and 
appropriate action will be taken. If it is not recognized, 
it will be passed unchanged to the output two-wire interface 
42 through the output circuit 41. The present invention 
operates as a pipeline processor having a two-wire interface 
for controlling the movement of control tokens through the 
pipeline. This feature of the invention is described in 
greater detail in the previously filed EPO patent application 
number 923 06038.8. 

In the present invention, the token decode circuit 3 3 is 
employed for identifying whether the token presently entering 
through the two-wire interface 42 is a DATA token or control 
token. In the event that the token being examined by the 
token decode circuit 33 is recognized, it is exited to the 
action identification circuit 39 with a proper index signal 
or flag signal indicating that action is to be taken. At the 
same- time, the token decode circuit 33 provides a proper flag 
or index signal to the processing unit 36 to alert it to the 
presence of the token being handled by the action 
identification circuit 39. 
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Control tokens may also be processed. 

A more detailed description of the various types of 
tokens usable in the present invention will be subsequently 
described hereinafter. For the purpose of this portion of 
the specification, it is sufficient to note that the address 
carried by the control token is decoded in the decoder 3 3 and 
is used to access registers contained within the action 
identification circuit 39. When the token being examined is 
a recognized control token, the action identification circuit 
39 uses its reconfiguration state circuit for distributing 
the control signals throughout the state machine. As 
previously mentioned, this activates the state machine of the 
action identification decoder 39, which then reconfigures 
itself. For example, it may change coding standards. In 
this way, the action identification circuit 3 9 decodes the 
required action for handling the particular standard now 
passing through the state machine shown with reference to 
Figure 10. 

Similarly, the processing unit 3 6 which is under 
the control of the action identification circuit 39 is now 
ready to process the information contained in the data fields 
of the DATA token when it is appropriate for this to occur. 
On many occasions, a control token arrives first, 
reconfigures the action identification circuit 39 and is 
immediately followed by a DATA token which is then processed 
by the processing unit 36. The control token exits the 
output latches circuit 41 over the output two-wire interface 
4 2 immediately preceding the DATA token which has been 
processed within the processing unit 36. 

In the present invention, the action identification 
circuit, 39, is a state machine holding history state. The 
registers, 43 and 44 hold information that has been decoded 
from the token decoder 3 3 and stored in these registers ♦ 
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Such registers can be either on-chip or-off chip as needed. 
These plurality of state registers contain action information 
connected to the action identification currently being 
identified in the action identification circuit 39. This 
action information has been stored from previously decoded 
tokens and can affect the action that is selected. The 
connection 40 is going straight from the token decode 3 3 to 
the action identification block 39. This is intended to show 
that the action can also be affected by the token that is 
currently being processed by the token decode circuit 33. 

In general, there is shown token decoding and data 
processing in accordance with the present invention. The 
data processing is performed as configured by the action 
identification circuit 39. The action is affected by a 
number of conditions and is affected by information generally 
derived from a previously decoded token or, more 
specifically, information stored from previously decoded 
tokens in registers 43 and 44, the current token under 
processing, and the state and history information that the 
action identification unit 39 has itself acquired. A 
distinction is thereby shown between Control tokens and DATA 
tokens . 

In any RPS, some tokens are viewed by that RPS unit as 
being Control tokens in that they affect the operation of the 
RPS presumably at some subsequent time. Another set of 
tokens are viewed by the RPS as DATA tokens. Such DATA 
tokens contain information which is processed by the RPS in 
a way that is determined by the design of the particular 
circuitry, the tokens that have been previously decoded and 
the state of the action identification circuit 39. Although 
a particular RPS identifies a certain set of tokens for that 
particular RPS control and another set of tokens as data, 
that is the view of that particular RPS. Another RPS can 
have a different view of the same token. Some of the tokens 
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might*£>a* viewed by one RPS unit as DATA Tokens while another 
RPS unit might decide that it is actually a Control Token. 
For example, the quantization table information, as far as 
the Huffman decoder and state machine is concerned, is data, 
5 because it arrives on its input as coded data, it gets 
, _ formatted up into a series of 8 bit words, and they get 

formed into a token called a quantization table token 
(QUANTJTABLE) which goes down the processing pipeline. As 
far as that machine is concerned, all of that was data; it 
10 was handling data, transforming one sort of data into another 
3 sort of data, which is clearly a function of the processing 

*^ performed by that portion of the machine. However, when that 

information gets to the inverse quantizer, it stores the 
information in that token a plurality of registers. In fact, 
m 15 because there are 64 8-bit numbers and there are many 

m registers, in general, many registers may be present. This 

3,4, information is viewed as control information, and then that 

C3 control information affects the processing that is done on 

subsequent DATA tokens because it affects the number that you 
C| 20 multiply each data word. There is an example where one stage 

viewed that token as being data and another stage viewed it 
as being control. 

Token data, in accordance with the invention is almost 
universally viewed as being data through the machine. One of 

2 5 the important aspects is that, in general, each stage of 

circuitry that has a token decoder will be looking for a 
certain set of tokens, and any tokens that it does not 
recognize will be passed unaltered through the stage and down 
the pipeline, so that subsequent stages downstream of the 

3 0 current stage have the benefit of seeing those tokens and may 

respond to them. This is an important feature, namely there 
can be communication between blocks that are not adjacent to 
one another using the token mechanism. 

Another important feature of the invention is that each of 
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the stages of circuitry has the processing capability within 
it to be able to perform the necessary operations for each of 
the standards, and the control, as to which operations are to 
be performed at a given time, come as tokens. There is one 
processing element that differs between the different stages 
to provide this capability. In the state machine ROM of the 
parser, there are three separate entirely different programs, 
one for each of the standards that are dealt with. Which 
program is executed depends upon a CODING_STANDARD token. In 
otherwords, each of these three programs has within it the 
ability to handle both decoding and the CODING_STANDARD 
standard token. When each of these programs sees which 
coding standard, is to be decoded next, they literally jump 
to the start address in the microcode ROM for that particular 
program. This is how stages deal with multi-standardness . 

Two things are affected by the different standards. 
First, it affects what pattern of bits in the bitstream are 
recognized as a start-code or a marker code in order to 
reconfigure the shift register to detect the length of the 
start marker code. Second, there is a piece of information 
in the microcode that denotes what that start or marker code 
means. Recall that the coding of bits differs between the 
three standards. Accordingly, the microcode looks up in a 
table, specific to that compressor standard, something that 
is independent of the standard, i.e., a type of token that 
represents the incoming codes. This token is typically 
independent of the standard since in most cases, each of the 
various standards provide a certain code that will produce 
it. 

The inverse quantizer 79 has a mathematical 
capability. The quantizer multiplies and adds, and has the 
ability to do all three compression standards which are 
configured by parameters. For example, a flag bit in the ROM 
in control tells the inverse quantizer whether or not to add 
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a constant, K. Another flag tells the inverse quantizer 
whether to add another constant. The inverse quantizer 
remembers in a register the COD I N G_ST AND ARD token as it flows 
by the quantizer* When DATA tokens pass thereafter, the 
inverse quantizer remembers what the standard is and it looks 
up the parameters that it needs to apply to the processing 
elements in order to perform a proper operation. For 
example, the inverse quantizer will look up whether K is set 
to 0, or whether it is set to 1 for a. particular compression 
standard, and will apply that to its processing circuitry. 

In a similar sense the Huffman decoder 56 has a number 
of tables within it, some for JPEG, some for MPEG and some 
for H.261. The majority of those tables, in fact, will 
service more than one of those compression standards . Which 
tables are used depends on the syntax of the standard. The 
Huffman decoder works by receiving a command from the state 
machine which tells it which of the tables to use. 
Accordingly, the Huffman decoder does not itself directly 
have a piece of state going into it, which is remembered and 
which says what coding it is performing. Rather, it is the 
combination of the parser state machine and Huffman decoder 
together that contain information within them. 

Regarding the Spatial Decoder of the present 
invention, the address generation is modified and is similar 
to that shown in Figure 10, in that a number of pieces of 
information are decoded from tokens, such as the coding 
standard- The coding standard and additional information as 
well, is recorded in the registers and that affects the 
progress of the address generator state machine as it steps 
through and counts the. macroblocks in the system, one after 
the other. The last stage would be the prediction filter 179 
(Figure 17) which operates in one of two modes, either H.261 
or MPEG and are easily identified. 
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7. MQLJ ^STANDARD CODING 

The system of the present invention also provides a 
combination of the standard-independent indices generation 
circuits, which are strategically placed throughout the 
5 system in combination with the token decode circuits. For 
example, the system is employed for specifically decoding 
either the H.261 video standard, or the MPEG video standard 
or the JPEG video standard. These three compression coding 
standards specify similar processes to be done on the 

10 arriving data, but the structure of the datastreams is 
different. As previously discussed, it is one of the 
functions of the Start Code Detector to detect MPEG start- 
codes, H.261 start-codes, and JPEG marker codes, and convert 
them all into a form, i.e., a control token which includes a 

15 token stream embodying the current coding standard. The 
control tokens are passed through the pipeline processor, and 
are used, i.e., decoded, in the state machines to which they 
are relevant, and are passed through other state machines to 
which the tokens are not relevant. In this regard, the DATA 

20 Tokens are treated in the same fashion, insofar as they are 
processed only in the state machines that are configurable by 
the control tokens into processing such DATA Tokens. In the 
remaining state machines, they pass through unchanged. 

More specifically, a control token in accordance with 

2 5 the present invention, can consist of more than one word in 
the token. In that case, a bit known as the extension bit is 
set specifying the use of additional words in the token for 
carrying additional information. Certain of these additional 
control bits contain indices indicating information for use 

:o in corresponding state machines to create a set of standard- 
independent indices signals. The remaining portions of the 
token are used to indicate and identify the internal 
processing control function which is standard for ail of the 
datastreams passing through the pipeline processor. In one 
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form of the invention, the token extension is used to carry 
the current coding standard which is decoded by the relative 
token decode circuits distributed throughout the machine, and 
is used to reconfigure the action identification circuit 39 
of stages throughout the machine wherever it is appropriate 
to operate under a new coding standard. Additionally, the 
token decode circuit can indicate whether a control token is 
related to one of the selected standards which the circuit 
was designed to handle* 

More specifically, an MPEG start code and a JPEG marker 
are followed by an 8 bit value. The H.261 start code is 
followed by a 4 bit value. In this context , the Start Code 
Detector 51, by detecting either an MPEG start-code or a JPEG 
marker, indicates that the following 8 bits contain the value 
associated with the start-code. Independently, it can then 
create a signal which indicates that it is either an MPEG 
start code or a JPEG marker and not an H.261 start code. In 
this first instance, the 8 bit value is entered into a decode 
circuit, part of which creates a signal indicating the index 
and flag which is used within the current circuit for 
handling the tokens passing through the circuit. This is 
also used to insert portions of the control token which will 
be looked at thereafter to determine which standard is being 
handled. In this sense, the control token contains a portion 
indicating that it is related to an MPEG standard, as well as 
a portion which indicates what type of operation should be 
performed on the accompanying data. As previously discussed, 
this information is utilized in the system to reconfigure the 
processing stage used to perform the function required by the 
various standards created for that purpose. 

For example, with reference to the H.261 start code, it 
is associated with a 4 bit value which follows immediately 
after the start code. The Start Code Detector passes this 
value into the token generator state machine. The value is 
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applied to an 8 bit decoder which produces a 3 bit start 
number* The start number is employed to identify the 
picture-start of a picture number as indicated by the value. 

The system also includes a multi-stage parallel 
processing pipeline operating under the principles of the 
two-wire interface previously described. Each of the stages 
comprises a machine generally taking the form illustrated in 
Figure 10. The token decode circuit 33 is employed to direct 
the token presently entering the state machine into the 
action identification circuit 39 or the processing unit 36, 
as appropriate. The processing unit has been previously 
reconfigured by the next previous control token into the form 
needed for handling the current coding standard, which is now 
entering the processing stage and carried by the next DATA 
token. Further, in accordance with this aspect of the 
invention, the succeeding state machines in the processing 
pipeline can be functioning under one coding standard, i.e., 
H.261, while a previous stage can be operating under a 
separate standard, such as MPEG. The same two-wire interface 
is used for carrying both the control tokens and the DATA 
Tokens . 

The system of the present invention also utilizes 
control tokens required to decode a number of coding 
standards with a fixed number of reconf igurable processing 
stages. More specifically, the FICTURE_END control token is 
employed because it is important to have an indication of 
when a picture actually ends. Accordingly, in designing a 
multi-standard machine, it is necessary to create additional 
control tokens within the multi-standard pipeline processing 
machine which will then indicate which one of the standard 
decoding techniques to use. Such a control token is the 
PICTURE_END token. This P I CTURE_END token is used to 
indicate that the current picture has finished, to force the 
buffers to be flushed, and to push the current picture 



113 



through the decoder to the display* 

• • JCXXLT I -STANDARD PROCESSING CIRCUIT - SECOND 
MODS OF OPERATION 

A compression standard-dependent circuit, in the form of 
5 the previously described Start Code Detector, is suitably 
interconnected to a compression standard-independent circuit 
over an appropriate bus. The standard-dependent circuit is 
connected to a combination dependent- independent circuit over 
the same bus and an additional bus* The standard- independent 

10 circuit applies additional input to the standard dependent- 
independent circuit, while the latter provides information 
back to the standard- independent circuit. Information from 
the standard- independent circuit is applied to the output 
over another suitable bus. Table 600 illustrates that the 

15 multiple standards applied as the input to the standard- 
dependent Start Code Detector 51 include certain bit streams 
which have standard-dependent meanings within each encoded 
bit stream. 

9. START-CODE DETECTOR 

2 0 As previously indicated the Start Code Detector, in 

accordance with the present invention, is capable of taking 
MPEG, JPEG and H.261 bit streams and generating from them a 
sequence of proprietary tokens which are meaningful to the 
rest of the decoder. As an example of how multi-standard 

2 5 decoding is achieved, the MPEG (1 and 2) picture_start_code , 

the H.261 picture_start_code and the JPEG start_of_scan (SOS) 
marker are treated as equivalent by the Start Code Detector, 
and all will generate an internal PICTURE_START token. In a 
similar way, the MPEG sequence_start_code and the JPEG SOI 

3 0 (start_of_image) marker both generate a machine 

sequence_start_token. The H.261 standard, however, has no 
equivalent start code. Accordingly, the Start Code Detector, 
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in r^gp^nse to the first H.261 picture start code, will 
generate a sequence^start token. 

None of the above described images are directly used 
other than in the SCO. Rather, a machine PICTURE START 
5 token, for example, has been deemed to be equivalent to the 
P ICTURE — START images contained in the bit stream. 
Furthermore, it must be borne in mind that the machine 
PICTURE_START by itself, is not a direct image of the 
PICTURE_START in the standard. Rather, it is a control token 

10 which is used in combination with other control tokens to 
provide standard-independent decoding which emulates the 
operation of the images in each of the compression coding 
standards. The combination of control tokens in combination 
with the reconfiguration of circuits, in accordance with the 

15 information carried by control tokens, is unique in and of 
itself, as well as in further combination with indices and/or 
flags generated by the token decode circuit portion of a 
respective state machine. A typical reconf igurable state 
machine will be described subsequently. 

-0 Referring again to Table 600, there are shown the names 

of a group of standard images in the left column. In the 
right column there are shown the machine dependent control 
tokens used in the emulation of the standard encoded signal 
which is present or not used in the standard image. 

2 5 With reference to Table 600, it can be seen that a 

machine sequence_start signal is generated by the Start Code 
Detector, as previously described, when it decodes any one of 
the standard signals indicated in Table 600. The Start Code 
Detector creates sequence_start , group_start, sequence_end , 

20 slice_start, user-data, extra-data and PICTURE START tokens 
for application to the two-wire interface which is used 
throughout the system. Each of the stages which operate in 
con]unction with these control tokens are configured by tr.e 
contents of the tokens, or are configured by indices created 
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by cofTtghts of the tokens, and are prepared to handle data 
which is expected to be received when the picture DATA Token 
arrives at that station. 

As previously described, one of the compression 
5 standards, such as H.261, does not have a sequence_start 
image in its data stream, nor does it have a PICTURE_END 
image in its data stream. The Start Code Detector indicates 
the PICTURE_END point in the incoming bit stream and creates 
a PICTURE^ END token. In this regard, the system of the 

10 present invention is intended to carry data words that are 
fully packed to contain a bit of information in each of the 
register positions selected for use in the practice of the 
present invention. To this end, 15 bits have been selected 
as the number of bits which are passed between two start 

15 codes. Of course, it will be appreciated by one of ordinary 
skill in the art, that a selection can be made to include 
either greater or fewer than 15 bits. In other words, all 15 
bits of a data word being passed from the Start Code Detector 
into the DRAM interface are required for proper operation, 

20 Accordingly, the Start Code Detector creates extra bits, 
called padding, which it inserts into the last word of a DATA 
Token. For purposes of illustration 15 data bits has been 
selected. 

To perform the Padding operation, in accordance with the 
25 present invention, binary O followed by a number of binary 
1's are automatically inserted to complete the 15 bit data 
word* This data is then passed through the coded data buffer 
and presented to the Huffman decoder, which removes the 
padding. Thus, an arbitrary number of bits can be passed 
20 through a buffer of fixed size and width. 

In one embodiment, a slice_start control token is used 
to identify a slice of the picture. A slice_start contrci 
token is employed to segment the picture into smaller 
regions. The size of the region is chosen by the encoder, 
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and tfee ^tart Code Detector identifies this unique pattern of 
the slice_start code in order for the machine-dependent state 
stages, located downstream from the Start Code Detector, to 
segment the picture being received into smaller regions. The 
5 size of the region is chosen by the encoder, recognized by 
the Start Code Detector and used by the recombination 
circuitry and control tokens to decompress the encoded 
picture. The slice_start_cades are principally used for 
error recovery. 

10 The start codes provide a unique method of starting up 

the decoder, and this will subsequently be described in 
further detail. There are a number of advantages in placing 
the Start Code Detector before the coded data buffer, as 
opposed to placing the Start Code Detector after the coded 

15 data buffer and before the Huffman decoder and video 
demultiplexer. Locating the Start Code Detector before the 
first buffer allows it to l) assemble the tokens, 2) decode 
the standard control signals, such as start codes, 3) pad the 
bitstream before the data goes into the buffer, and 4) create 

2 0 the proper sequence of control tokens to empty the buffers, 
pushing the available data from the buffers into the Huffman 
Decoder . 

Most of the control token output by the Start Code 
Detector directly reflect syntactic elements of the various 

23 picture and video coding standards. The Start Code Detector 
converts the syntactic elements into control tokens. In 
addition to these natural tokens, some unique and/or machine- 
dependent tokens are generated. The unique tokens include 
those tokens which have been specifically designed for use 

20 with the system of the present invention which are unique in 
and of themselves, and are employed for aiding in the multi- 
standard nature of the present invention. Examples of such 
unique tokens include PICTURE_END and CODING_STAKDARD . 

Tokens are also introduced to remove some of the 
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Consider a pixel offset of (l, 1), as illustrated by the 
shaded area in Fig. 152 and Fig* 26. The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
5 sequence of row addresses quickly. The solution is to use 
"start/stop" technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 
10 DRAM Interface) . The x value in the- coordinate pair forms 
the three LSBs of the address, the y value the three MSBs. 
The x and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
15 reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 
2 0 reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

57, 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 
25 (0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 
30 so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 
35 Consider block A. At the start of reading, the swing 

buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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stanc^grd-dependent coded data with reference to the Start 
Code Detector. 

Each of the standard compression encoding systems 
employs a unique start code configuration or image which has 
been selected to identify that particular compression 
specification. Each of the start codes also carries with it 
a start code value. The start code value is employed to 
identify within the language of the standard the type of 
operation that the start code is associated with. In the 
multi-standard decoder of the present invention, the 
compatibility is based upon the control token and DATA token 
configuration as previously described. Index signals; 
including flag signals, are circuit-generated within each 
state machine, and are described hereinafter as appropriate. 

The start and/or marker codes contained in the 
standards, as well as other standard words as opposed to data 
words, are sometimes identified as images to avoid confusion 
with the use of code and/or machine-dependent codes to refer 
to the contents of control and/or DATA tokens used in the 
machine. Also, the term start code is often used as a 
generic term to refer to JPEG marker codes as well as MPEG 
and H.261 start codes. Marker codes and start codes serve 
the same purpose. Also, the term "flush" is used both to 
refer to the FLUSH token, and as a verb, for example when 
referring to flushing the Start Code Detector shift registers 
(including the signal "flushed") . To avoid confusion, the 
FLUSH token is always written in upper case. All other uses 
of the term (verb or noun) are in lower case. 

The standard-dependent coded input picture input stream 
comprises data and start images of varying lengths. The 
start images carry with them a value telling the user what 
operation is to be performed on the data which immediately 
follows according to the standard. However, in the multi- 
standard pipeline processing system of the present invention, 
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where compatibility is required for multiple standards, the 
system has been optimized for handling all functions in all 
standards. Accordingly, in many situations, unique start 
control tokens must be created which are compatible not only 
with the values contained in the values of the encoded signal 
standard image, but which are also capable of controlling the 
various stages to emulate the operation of the standard as 
represented by specified parameters for each standard which 
are well known in the art. All such standards are 
incorporated by reference into this specification. 

It is important to understand the relationship between 
tokens which, alone or in combination with other control 
tokens, emulate the nondata information contained in the 
standard bit stream- A separate set* of index signals, 
including flag signals, are generated by each state machine 
to handle some of the processing within that state machine. 
Values carried in the standards can be used to access machine 
dependent control signals to emulate the handling of the 
standard data and non-data signals. For example, the 
slice_start token is a two word token, and it is then entered 
onto the two wire interface as previously described. 

The data input to the system of the present invention 
may be a data source from any suitable data source such as 
disk, tape, etc., the data source providing 8 bit data to the 
first functional stage in the Spatial Decoder, the Start Code 
Detector 51 (Figure 11) . The Start Code Detector includes 
three shift registers; the first shift register is 8 bits 
wide, the next is 24 bits wide, and the next is 15 bits wide. 
Each of the registers is part of the two-wire interface. The 
data from the data source is loaded into the first register 
as a single 8 bit byte during one timing cycle. Thereafter, 
the contents of the first shift register is shifted one bit 
at a time into the decode (second) shift register. After 24 
cycles, the 24 bit register is full. 



120 



Every 8 cycles, the 8 bit bytes are loaded into the 
first shift register. Each byte is loaded into the value 
shift register 221 (Figure 20) , and 8 additional cycles are 
used to empty it and load the shift register 231. Eight 
cycles are used to empty it, so after three of those 
operations or 24 cycles, there are still three bytes in the 
24 bit register. The value decode shift register 230 is 
still empty. 

Assuming that there is now a P I CTURE_ST ART word in the 
24 bit shift register, the detect cycle recognizes the 
PICTURE_START code pattern and provides a start signal as its 
output. Once the detector has detected a start, the byte 
following it is the value associated with that start code, 
and this is currently sitting in the value register 221. 

Since the contents of the detect shift register has been 
identified as a start code, its contents must be removed from 
the two wire interface to ensure that no further processing 
takes place using these 3 bytes. The decode register is 
emptied, and the value decode shift register 23 0 waits for 
the value to be shifted all the way over to such register. 

The contents now of the low order bit positions of the 
value decode shift register contains a value associated with 
the P I CTURE_START . The Spatial Decoder equivalent to the 
standard PICTURE^ START signal is referred to as the SD 
P I CTURE_ST ART signal. The SD P I CTURE_ST ART signal itself is 
going to now be contained in the token header, and the value 
is going to be contained in the extension word to the token 
header. 

10. TOKENS 

In the practice of the present invention, a token is a 
universal adaptation unit in the form of an interactive 
interfacing messenger package for control and/or data 
functions and is adapted for use with a reconf igurable 
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518 

dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting* 

The algorithm shown was coded in double precision 
floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) ♦ A further stage was then used to code a 
bit-accurate integer version of the algorithm in c (no 
timing information was included) which could be used to 
verify the performance and accuracy of the algorithm as it 
would be implemented on silicon. The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 
15 Figure 137 shows the overall IDCT Architecture in a way 

that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 

2 0 be calculated separately. 

The IDCT Transform Architecture 
As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 
25 * significant re-use of the costly arithmetic 

operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 

3 0 coefficient store) 

•small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 

3 5 -can arrange to generate results in natural order 

• no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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exterftte^ operating capabilities as compared with those 
systems which do not use control tokens. 

The control tokens are generated by circuitry within the 
decoder processor and emulate the operation of a number of 
5 different type standard-dependent signals passing into the 
serial pipeline processor for handling. The technique used 
is to study all the parameters of the multi-standards that 
are selected for processing by the serial processor and 
noting 1) their* ^similarities, 2) their dissimilarities, 3) 
10 their needs and requirements and 4) selecting the correct 
token function to effectively process all of the standard 
signals sent into the serial processor* The functions of the 
tokens are to emulate the standards. A control token 
function is used partially as an emulation/ translation 
15 between the standard dependent signals and as an element to 
transmit control information through the pipeline processor. 

In prior art system*,* a dedicated machine is designed 
according to well-known techniques to identify the standard 
and then set up dedicated circuitry by way of microprocessor 
20 interfaces. Signals from the microprocessor are used to 
control the flow of data through the dedicated downstream 
components. The selection, timing and organization of this 
decompression function- is under the control of fixed logic 
circuitry as assisted by signals coming from the 
2 5 microprocessor . 

In contrast, the system of the present invention 
configures the downstream functional stages under the control 
of the control tokens* An option is provided for obtaining 
needed and/or alternative control from the MPU. 
30 The tokens provide and make a sensible format fcr 

communicating information through the decompression circuit 
pipeline processor. In the design selected hereinafter ar.d 
used in the preferred embodiment, each word of a token is a 
"inimum of 8 bits wide, and a single token can extend ever 
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one o^^pre words. The width of the token is changeable and 
can be selected as any number of bits. An extension bit 
indicates whether a token is extended beyond the current 
word, i.e., if it is set to binary one in all words of a 
token, except the last word of a token. If the first word of 
a token has an extension bit of zero, this indicates that the 
token is only one word long. 

Each token is identified by an address field that starts 
at bit 7 of the first word of the token. The address field 
is variable in length and can potentially extend over 
multiple words. In a preferred embodiment, the address is no 
longer than 3 bits long. However, this is not a limitation 
on the invention, but on the magnitude of the processing 
steps elected to be accomplished by use of these tokens. It 
is to be noted under the extension bit identification label 
that the extension bit in words 1 and 2 is a 1, signifying 
that additional words will be coming thereafter. The 
extension bit in word 3 is a zero, therefore indicating the 
end of that token. 

The token is also capable of variable bit length. For 
example, there are 9 bits in the token word plus the 
extension bit for a total of 10 bits. In the design of the 
present invention, output buses are of variable width. The 
output from the Spatial Decoder is 9 bits wide, or 10 bits 
wide when the extension bit is included. In a preferred 
embodiment, the only token that takes advantage of these 
extra bits is the DATA token; all other tokens ignore this 
extra bit. It should be understood that this is not a 
limitation, but only an implementation. 

Through the use of the DATA token and control token 
configuration, it is possible to vary the length of the data 
being carried by these DATA tokens in the sense of the number 
of bits in one word. For example, it has been discussed that 
data bits m word of a DATA Token can be combined with the 
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data £its in another word of the same DATA token to f orm an 
11 bit or 10 bit address for use in accessing the random 
access memories used throughout this serial decompression 
processor. This provides an additional degree of variability 
5 that facilitates a broad range of versatility. 

As previously described, the DATA token carries data 
from one processing stage to the next. Consequently, the 
characteristics of this token change as it passes through the 
decoder. For example, at the input to the Spatial Decoder, 

10 DATA Tokens carry bit serial coded video data packed into 3 
bit words. Here, there is no limit to the length of each 
token. However, to illustrate the versatility of this aspect 
of the invention (at the output of the Spatial Decoder 
circuit) , each DATA Token carries exactly 64 words and each 

15 word is 9 bits wide* More specifically, the standard 
encoding signal allows for different length messages to 
encode different intensities and details of pictures. The 
first picture of a group normally carries the longest number 
of data bits because it needs to provide the most information 

20 to the processing unit so that it can start the decompression 
with as much information as possible. Words which follow 
later are typically shorter in length because they contain 
the difference signals comparing the first word with 
reference to the second position on the scan information 

25 field. 

The words are interspersed with each other, as required 
by the standard encoding system, so that variable amounts of 
data are provided into the input of the Spatial Decoder. 
However, after the Spatial Decoder has functioned, the 
ZD information is provided at its output at a picture format 
rate suitable for display on a screen. The output rate in 
terms of time of the spatial decoder may vary in order tc 
interface with various display systems throughout the wori:, 
such as NTSC, PAL and SECAM. The video formatter converts 
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this variable picture rate to a constant picture rate 
suitable for display. However, the picture data is still 
carried by DATA tokens consisting of 64 words. 

11. DRAM INTERFACE 

A single high performance, configurable DRAM interface 
is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 
drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 

In accordance with the present invention, the interface is 
configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2 . The width of the data interface to the DRAM can 
be configured to provide a cost /performance trade 
off for different applications. 

In general, the DRAM interface is a standard- independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 
video formatter. Referring again to Figures 11, 12 and 13, 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. On each chip, the DRAM interface 
connects the chip to an external DRAM. External DRAM is used 
because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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Furthermore, while the DRAM interface is compression 
standard- independent , it still must be configured to 
implement each of the multiple standards, H.261, JPEG and 
MPEG. How the DRAM interface is reconfigured for multi- 
5 standard operation will be subsequently further described 
herein. 

Accordingly, to understand the operation of the DRAM 
interface "requires an understanding of the relationship 
between the DRAM interface and the address generator, and how 
10 the two communicate using the two wire interface. 
^ In general, as its name implies, the address generator 

aj generates the addresses the DRAM interface needs in order to 

7^ address the DRAM (e.g., to read from or to write to a 

S| particular address in DRAM). With a two-wire interface, 

jjjf 15 reading and writing only occurs when the DRAM interface has 

ul both data (from preceding stages in the pipeline), and a 

a valid address (from address generator). The use of a 

■T* separate address generator simplifies the construction of 

jrtt* both the address generator and the DRAM interface, as 

B£ 20 discussed further below. 

J? In the present invention, the DRAM interface can operate 

from a clock which is asynchronous to both the address 
generator and to the clocks of the stages through which data 
is passed. Special techniques have been used to handle this 
25 asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
20 buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which carries 
an address from an address generator is associated with eacr. 
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swing buffer. 

In the present invention, each of the chips has four swing 
buffers, but the function of these swing buffers is different 
in each case. In the spatial decoder, one swing buffer is 
used to transfer coded data to the DRAM, another to read 
coded data from the DRAM, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM. In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM, 
the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data. In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 
(Y) and the red and blue color difference data (Cr and Cb, 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially, this is the same as 
the operation of the Spatial Decoder's DRAM interface. The 
operation is illustrated in Figure 23. 

Figure 23 illustrates that the control interfaces 
between the address generator 301, the DRAM interface 302, 
and the remaining stages of the chip which pass data are all 
two wire interfaces. The address generator 3 01 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder), The 
DRAM interface treats the two wire interfaces associated with 
the address generator 301 in a special way. Instead of 
keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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request/acknowledge (REQ/ACK) protocol. 

A unique feature of the DRAM interface 3 02 is its 
ability to communicate independently with the address 
generator 301 and with the stages that provide or accept the 
data. For example, the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24), but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the write swing 
buffer may contain a block of data which is ready to be 
written to the external DRAM , but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 301. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 
completely filled and "swung" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 3 02 
of the present invention, it is important to note that in a 
properly configured system, the DRAM interface will be able 
to transfer data between the swing buffers and the external 
DRAM 303 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM interface 3 02 determines which swing buffer it 
will service next. In general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn) , 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others). In both cases, an 
additional request will come from a refresh request generator 
which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 
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diagram of a writ* swing buffer. The write swing buffer 
interface includes two blocks of RAM, RAMI 311 and RAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
the write address 313 and control 314. From RAMI 311 and 
RAM2 312, the data is written into DRAM 515. When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein. In 
operation, valid data is presented at the input 316 (data 
in) . Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 
of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 
asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 . Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 
or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buffer to be read, the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
315. A signal is then sent back across the asynchronous 
interface, to indicate that RAMI 311 is now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be 
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acceded by the swing buffer continually. Otherwise, when 
RAM 2 is filled, the swing buffer will set its accept single 
low until RAMI has been "swung" back for use by the input 
side . 

5 The operation of a read swing buffer, in accordance with 

the present invention, is similar, but with the input and 
output data busses reversed. 

The DRAM interface of the present invention is designed 
to maximize the available memory bandwidth. Each 8x8 block 
10 of data is stored in the same DRAM page. In this way, full 
3 use can be made of DRAM fast page access modes, where one row 

*l address is supplied followed by many column addresses. In 

particular, row addresses are supplied by the address 
2\ generator, while column addresses are supplied by the DRAM 

fJJ 15 interface, as discussed further below. 

W In addition, the facility is provided to allow the data 

bus to the external DRAM to be 8, 16 or 32 bits wide, 
p Accordingly, the amount of DRAM used can be matched to the 

size and bandwidth requirements of the particular 
5% 20 application. 

In this example (which is exactly how the DRAM interface 
on the Spatial Decoder works) the address generator provides 
the DRAM interface with block addresses for each of the read 
and write swing buffers. This address is used as the row 
2 5 address for the DRAM. The six bits of column address are 
supplied by the DRAM interface itself, and these bits are 
also used as the address for the swing buffer RAM. The data 
bus to the swing buffers is 32 bits wide. Hence, if the bus 
width to the external DRAM is less than 32 bits, two or four 
-0 external DRAM accesses must be made before the next word is 
read fror* a write swing buffer or the next word is written to 
a read swing buffer (read and write refer to the direction of 
transfer relative to the external DRAM) . 

The situation is more complex in the case of the 
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Temporal Decoder and the Video Formatter. The Temporal 
Decoder's addressing is more complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
multiple video output standard aspects , as discussed further 
in the sections relating to the video formatter. 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and write decoded intra 
and predicted (I and P) picture data. These operate as 
described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y . Thus , the block of data to be 
retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figure 25, where the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 
being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 
immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of (1,1), as illustrated by the 
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shaded area in Figure 26. The address generator makes four 
requests, labelled A through D in the Figure. The problem to 
be solved is how to provide the required sequence of row 
addresses quickly. The solution is to use "start/ stop" 
technology, and this is described below. 

Consider block A in Figure 26. Reading must start at 
position (1,1) and end at position (7,7). Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 
the three LSBs of the address, the y value the three MSB- 
The x and y start values are both 1, providing the address, 
9. Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value, at which point, the y value is 
incremented by 1 and the x start value is reloaded, giving an 
address of 17. As each byte of data is read, the x value is 
again incremented until it reaches its stop value. The 
process is repeated until both x and y values have reached 
their stop values. Thus, the address sequence of 9 , 10, 11, 
12, 13, 14, 15, 17..., 23, 25, ...,31, 33 57 63 
is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address 1 in the 
swing buffer, and so on. Similarly, the data read from 
address 8 in block B should be written to address 15 in the 
swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer address register is loaded with the inverse of the 
stop value. The y inverse stop value forms the 3 MSBs and 
the x inverse stop value forms the 3 LSB. In this case, 
while the DRAM interface is reading address 9 in the external 
DRAM, the swing buffer address is zero* The swing buffer 
address register is then incremented as the external DRAM 
address register is incremented, as consistent with proper 
prediction addressing. 

The discussion so far has centered on an 8 bit DRAM 
interface. In the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 bit 
boundary. In the example we have been using, for block A, 
the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half -pel interpolation, 9 
bytes in x and/or y must be read from the DRAM interface. In 
this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 

The final. point to note about the Temporal Decoder DRAM 
interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

a "last byte" signal indicating the last byte of a 
transfer (of 64,72 or 81 bytes); 

an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in x £nd y) ; and f , 

a two bit number to indicate the order of the blocks. 

The last byte flag can be generated as the data is read 
out of the swing buffer. The other signals are derived from 
5 the address generator and are piped through the DRAM 
interface so that they are associated with the correct block 
of data as it is read out of the swing buffer by the 
prediction filter block. 

In the Video Formatter, data is written into the 
10 external DRAM in blocks, but is read out in raster order, 
writing is exactly the same as already described for the 
Spatial Decoder, but reading is a little more complex. 

The data in the Video Formatter, external DRAM is 
organized so that at least 8 blocks of data fit into a single 
15 page. These 3 blocks are 8 consecutive horizontal blocks. 
When raster lzmg, 3 bytes need to be read out of each of 3 
consecutive blocks and written into the swing buffer (i.e., 
the same row in each of the 3 blocks) . 

""Considering the top row (and assuming a byte-vide 
20 interface) , the x address (the three LSBS) is set to zero, as 
is the y address (3 MSBS) . The x address is then incremented 
as each of the first 8 bytes are read out. At this point, 
the top part of the address (bit 6 and above - LSB - bit 0) 
is incremented and the x address (3 LSBS) is reset to zero. 
25 This process is repeated until 64 bytes have been read. With 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively, 
instead of by one. 

In the present invention, the address generator can 
20 signal to the DRAM interface that less than 64 bytes should 
be read (this may be required at the beginning or end of a 
raster line), although a multiple of 3 bytes is always read. 
This is achieved by using start and stop values. The start 
value is used for the top part of the address (bit 5 a:.: 
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above) , and the stop value is compared with the start value 
to generate the signal which indicates when reading should 
stop. 

The DRAM interface timing block in the present invention 
5 uses timing chains to place the edges of the ORAM signals to 
a precision of a quarter of the system clock period. Two 
quadrature clocks from the phase locked loop are used. These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel, on opposite 
10 phases of the 2x clock. 

First of all, there is one chain for the page start 
cycle and another for the read/write/refresh cycles. The 
length of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
15 length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
The pulse travels along the chains and is directed by the 
state information from the DRAM interface. The pulse 
2 0 generates the DRAM interface clock. Each DRAM interface 
clock period corresponds to one cycle of the DRAM, 
consequently, as the DRAM cycles have different lengths, the 
DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 
25 from the above chains with the information from the DRAM 
interface to generate the output strobes and enables such as 
notcas, notras, notwe, notbe. 

12. PREDICTION FILTERS 

Referring again to Figures 12, 17, 18, and more 
30 particularly to Figure 12, there is shown a block diagram of 
the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 
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detail in Figure 17 . The essence of the structure of the 
prediction filter is shown in Figures 18 and 28. A detailed 
description of the operation of the prediction filter can be 
found in the section, "More Detailed Description of the 
5 Invention. n 

In general, the prediction filter in accordance with the 
present invention, is used in the MPEG and H.261 modes, but 
not in the JPEG node. Recall that in the JPEG mode, the 
Temporal Decoder just passes the data through to the Video 

10 Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Figure 18, in the MPEG mode the forward and backward 
prediction filters are identical and they filter the 
respective MPEG forward and backward prediction blocks. In 

15 the H.261 mode, however, only the forward prediction filter 
is used, since H.261 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
Figures 18 and 28 and more particularly to Figure 28, there 

2 0 is shown a block diagram of the structure of a prediction 
filter. Each prediction filter consists of four stages in 
series. Data enters the format stage 331 and is placed in a 
format that can be readily filtered. In the next stage 332 
an I-D prediction is performed on the X-coordinate. After 

25 the necessary transposition is performed by a dimension 
buffer stage 333 , an I-D prediction is performed on the Y- 
coordinate in stage 334. How the stage perform the filtering 
is further described in greater detail subsequently. Which 
filtering operations are required, are defined by the 

30 compression standard. In the case of H.261, the actual 
filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconf igurable to perform either MPEG or H.261 filtering, or 
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to perform no filtering at all in JPEG mode. As with many 
other reconf igurable aspects of the three chip system, the 
prediction filter is reconfigured by means of tokens. Tokens 
are also used to inform the address generator of the 
5 particular mode of operation. In this way, the address 
generator can supply the prediction filter with the addresses 
of the needed data, which varies significantly between MPEG 
and JPEG* 

13. ACCESSING REGISTERS 

10 Most registers in the microprocessor interface (MPI) can 

only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 

15 of registers associated with that particular access 

register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, zero, until it is stopped. 

2 0 Any user software associated with the MPI and used to 

perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 

2 5 zero, the results are undefined. 

14. MICRO-PROCESSOR INTERFACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 

3 0 various Spatial and Temporal Decoder clocks. Referring to 

Table A. 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 
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are used on this interface. The character of the signal is 
shown on the input/output column, the signal name is shown 
on the signal name column and a description of the function 
of the signal is shown in the description column. The MPI 
electrical specification are shown with reference to Table 
A. 6. 2. All the specifications are classified according to 
type and there types are shown in the column entitled 
symbol. The description of what these symbols represent is 
shown in the parameter column. The actual specifications 
are shown in the respective columns min, max and units. 

The DC operating conditions can be seen with reference 
to Table A. 6. 3. Here the column headings are the same as 
with reference to Table A.6.2* The DC electrical 
characteristics are shown with reference to Table A. 6.4 and 
carry the same column headings as depicted in Tables A.6.2 
and A. 6 . 3 . 

15. MPI READ TIMING 

The AC characteristics of the MPI read timing diagrams 
are shown with reference to Figure 54. Each line of the 
Figure is labelled with a corresponding signal name and the 
timing is given in nano-seconds . The full microprocessor 
interface read timing characteristics are shown with 
reference to Table A. 6. 5. The column entitled Number is 
used to indicate the signal corresponding to the name of 
that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 
signals . 

16. HP I WRITE TIMING 

The general description of the MPI write timing diagrams 
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are shown with reference to Figure 54. This Figure shows 
each individual signal name as associated with the MPI 
write timing. The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
5 reference to Table 6.6. 

17. KEYHOLE ADDRESS LOCATIONS 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
keyhole registers. A keyhole register has two registers 

10 associated with it. The first register is a keyhole 

address register and the second register is a keyhole data 
register. The keyhole address specifies a location within 
a extended address space. A read or a write operation to a 
keyhole data register accesses the locations specified by 

15 the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
increments. Random access within the extended address 
space is only possible by writing in a new value to the 
keyhole address register for each access. A circuit within 

2 0 the present invention may have more than one keyhole memory 

maps. Nonetheless, there is no interaction between the 
different keyholes. 

18. PICTURE-END 

Referring again to Figure 11, there is shown a 
25 general block diagram of the Spatial Decoder used in the 
present invention. It is through the use of this block 
diagram that the function of PICTURE_END will be described* 
The P I CTURE_END function has the multi-standard advantage 
of being able to handle H.2 61 encoded picture information, 

3 0 MPEG and JPEG signals. 

As previously described, the system of Figure 11 
is interconnected by the two wire interface previously 
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described. Each of the functional blocks is arranged to 
operate according to the state machine configuration shown 
with reference to Figure 10 . 

In general, the PICTUR£_END function in accordance with 

^5 the invention begins at the Start Code Detector which 

generates a PICTURE_END control token. The PICTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the write swing buffers in. the DRAM interface. 

10 Recall, that the contents of a swing buffer are only 

written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The P I CTURE_END 
token forces the data out of the swing buffer. 

15 Since the present invention is a multi-standard machine, 

the machine operates differently for each compression 
standard . More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 

20 the total available action cycles can be selected by a 

combination of control tokens and/ or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. In this regard, the present 
invention is organized so as to delay the information from 

25 going into subsequent blocks until all of the information 
has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 

3 0 P ICTURE_END signal causes the contents of the data buffers 
to be read and applied to the Huffman decoder and video 
demultiplexor circuit . 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 



demultiplexer, the end of picture even though it has not 
had the typically expected full range and/or number of 
signals applied to the Huffman decoder and video 
demultiplexer circuit. In this situation, the information 
held in the coded data buffer is applied to the Huffman 
decoder and video demultiplexer as a total picture. in 
this way, the state machine of the Huffman decoder and 
video demultiplexer can still handle the data according to 
system design. 

Another advantage of the PICTURE_END control token is 
its ability to completely empty the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or in the swing buffers. 

Yet another advantage of the PICTURE_£ND function is 
its use in error recovery. For example, assume the amount 
of data being held in the coded data buffer is less than is 
typically used for describing the spatial information with 
reference to a single picture. Accordingly, the last 
picture will be held in the data buffer until a full swing 
buffer, but, by definition, the buffer will never fill. At 
some point, the machine will determine that an error 
condition exits. Hence, to the extent that a PICTURE_END 
token is decoded and forces the data in the coded data 
buffers to be applied to the Huffman decoder and video 
demultiplexer, the final picture can be decoded and the 
information emptied from the buffers* Consequently, the 
machine will not go into error recovery mode and will 
successfully continue to process the coded data, 

A still further advantage of the use of a PICTURE_END 
token is that the serial pipeline processor will continue 
the processing of uninterrupted data. Through the use of a 
?ICTURE_END token, the serial pipeline processor is 
configured to handle less than the expected amount of data 
and, therefore, continues processing. Typically, a prior 
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art machine would stop itself because of an error 
condition. As previously described, the coded data buffer 
counts macroblocks as they come into its storage area, m 
addition, the Huffman Decoder and Video Demultiplexer 
5 generally know the amount of information expected for 

decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 

10 from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTURE_END 
control token having reconfigured the Huffman Decoder and 
Video Demultiplexer, it can continue to function because 
the reconfiguration tells the Huffman Decoder and Video 

15 Demultiplexor that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE_END 
control token generated by the Start Code Detector. Under 

2 0 normal operations, the buffer registers fill up and are 

emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 
25 empty. The PICTURE_END control token is decoded in the 

Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexor either directly or 

3 0 through the DRAM interface. 

19. FLUSHING OPERATION 

Another advantage of the PICTURE_END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconfiguration of the state machine or in providing data 
for the system* Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
of the state machines recognizes a FLUSH control token as 
information not to be processed. Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Decoder and Video 
Demultiplexer. In this way, the FLUSH token is like 
padding for buffers. 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 
only on the data contents of the last picture buffer as it 
existed prior to the arrival of the PICTURE_END token and 
FLUSH token. A further advantage of the use of the 
PICTU^E_END token alone or in combination with a FLUSH 
token is the reconfiguration and/or reorganization of the 
Huffman Decoder circuit. With the arrival of the 
FICTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture. The Huffman decode circuit 
finishes processing the information contained in the last 
picture, and outputs this information through the DRAM 
interface into the Inverse Modeller. Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information. 
2-0. FLUSH FUNCTION 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 
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of new data. Mora specifically, the present invention 
comprises a combination of a PICTURE_END token, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
picture form is completed* Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling. Mote also that the FLUSH Token acts 
as a special reset for the system* The FLUSH token resets 
each stage as it passes through, but allows subsequent 
stages to continue processing. This prevents a loss of 
data. In other words, the FLUSH token is a variable reset, 
as opposed to, an absolute reset. 

21. STOP-AFTER PICTURE 

The STOP_AFTER_PICTURE function is employed to shut 
down the processing of the serial pipeline decompressing 
circuit at a logical point in its operation. At this 
point, -a PICTURE_END token is generated indicating that 
data is finished coming in from the data input line, and 
the padding operation has been completed. The padding 
function fills partially empty DATA tokens. A FLUSH token 
is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 
and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
STOP_AFTER_PICTURE operation signals the end of all current 
processing. 

22. MULTI-STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a S EAR CH_MO D E control token which is used to reconfigure 
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the input to the serial pipeline processor to look at the 
incoming bit stream. When the search mode is set, the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards. It 
will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose. Accordingly, 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
along with the reconfiguration circuits, to provide similar 
processing. 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 
data bit stream by purposely changing channels, e.g., data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. In general, a search mode is convenient when the 
user interrupts the normal processing of the serial 
pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the Start Code 
Detector looks for incoming start images which are suitable 
for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

The Start Code Detector can assume any one of a number 
of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the Start Code 
Detector to discard all its input and look for the 
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group_start standard image. When such an image is 
identified, the Start Code Detector generates a GROUP START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
5 Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as well as, the CODING_STANDARD 
signals* The COD INGEST AND ARD signals are conveying 
information directly from the incoming bit stream as 

10 required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 
This mode of operation has been selected because it 

15 is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves. 

2 0 23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 

2 5 of zeros between the coefficients that are represented (a 

form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains the requisite 64 values. 

3 0 Thereafter, the values in the DATA Tokens are quantized 

coefficients which can be used by the Inverse Quantizer. 

24. INVERSE QUANTIZER 
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The Inverse Quantizer of the present invention is a 
required element in the decoding sequence, but has been 
implemented in such away to allow the entire IC set to 
handle multi-standard data. In addition, the Inverse 
Quantizer has been adapted for use with tokens. The 
Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 
decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information. 
In order for the information to be properly decoded, a 
value of 1024 is added to the decode number by the Inverse 
Quantizer before the data continues on to the IDCT, 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 
various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function" and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 
performed by the Inverse Quantizer are identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFKAK DECODER AND PARSER 

Referring again to Figures 11 and 27, the Spatial 
Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.261, require certain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. In the Spatial Decoder of the present 
invention , rather than design and fabricate three separate 
Huffman decoders, one for each standard, the present 
invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once. Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 
Huffman Decoder common to the other standards as veil than 
would otherwise be the case* 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units shown in Figure 27. These 
other units are the Parser State Machine 322, the inshifter 
323, the Index to Data unit 3 24, the ALU 325, and the Token 
Formatter 326. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 
here is on particular aspects of the Huffman Decoder, in 
accordance with the present invention, that support multi- 
standard operation. 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 
operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 
word alongside the associated data is not only useful, it 
is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 327 that runs 
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beneath the data line 328 that connects the blocks- Among 
other things, this code word identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions. In particular, the Huffman Decoder 321 contains 
a state machine that can control certain functions of the 
Index to Data 324 and ALU 325. Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block-level information* Having the Parser State Machine 
322 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.2 61 (and 
substantially by MPEG) has the opposite polarity then the 
codes used by JPEG. The use of an inverter, thereby, 
allows substantially the same table to be used by the 
Huffman Decoder for all three standards. Other aspects of 
how the Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 3 24 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial Decoder* In particular, the dimensions of the 
picture are programmed into registers associated with the 
counters, which facilitates detection of "start of 
picture," and start of macroblock codes. 

In accordance with the present invention, the Token 
Formatter 326 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 
data from a FIFO that buffers the data passing through the 
Start Code Detector, The data received by the inshifter is 
generally of tvo types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 
that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 
data is decoded in accordance with the first part of the 
multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number . 

The Huffman Decoder 321 also identifies certain data 
that requires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324. 

This index number is then passed to the Index to Data 
unit 324, In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG. Generally, it is in the condensed data 
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format that JPEG specifies for transferring an alternate 
JPEG table* 

From the Index to Data unit 324 , the decoded index 
number or other data is passed, together with the 
- 5 accompanying control word, to the ALU 325, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) . In the Token Formatter, 
the data is combined as needed with the control word to 
10 form tokens. The tokens are then conveyed to the next 

stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

26. INVERSE DISCRETE COSINE TRANSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
15 accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 

2 0 stored. The IDCT takes this quantized data and 

decompresses it back into frequency information. 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 
25 encode the data. However, in the present invention, 

significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

Using a particular scaling order, the symmetry between 

3 0 the upper and lower portions of the algorithms is 

increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry. 
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Thg^ IDCT responds to a number of multi-standard tokens. 
The first portion of the IDCT checks the entering data to 
ensure that the DATA tokens are of the correct si2e for 
processing* In fact, the token stream can be corrected m 
5 seme situations if the error is not too large. 

27. BUFFER MANAGER 

The Buffer Manager of the present invention, receives 
incoming video information and supplies the address 
generators with information on the timing of the datas 

10 arrival, display and frame rate. Multiple buffers are used 
to allow changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance with the data that was encoded and the 
monitor on which the information is being displayed. Data 

15 arrival rates will generally vary according to errors in 
encoding, decoding or the source material used to create 
the data. When information arrives at the Buffer Manager, 
it is decompressed. However, the data is in an order that 
is useful for the decompression circuits, but not for the 

20 particular display unit being used. When a block of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that the block of 
data can be placed in the order that the display device can 
use. In doing this, the Buffer Manager takes into account 

25 the frame rate conversion necessary to adjust the incoming 
data blocks so they are presentable on the particular 
display device being used. 

In the present invention, the Buffer Mnager primarily 
supplies information to the address generators. 

30 Nevertheless, it is also required to interface with other 

elements of the system. For example, there is an interface 
with an input FIFO which transfers tokens to the Buffer 
Manager which, in turn, passes these tokens on to the wri*e 
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addre££ ^generators. 

The Buffer Manager also interfaces with the display 
address generators, receiving information on whether the 
display device is ready to display new data. The Buffer 
5 Manager also confirms that the display address generators 
have cleared information from a buffer for display. 

The Buffer Manager of the present invention keeps track 
of whether a particular buffer is empty, full, ready for 
use or in use. It also keeps track of the presentation 
10 number associated with the particular data in each buffer. 
3 In this way, the Buffer Manager determines the states of 

the buffers, in part, by making only one buffer at a time 
%| ready for display. Once a buffer is displayed, the buffer 

2i J- s in a "vacant" state. When the Buffer Manager receives a 

[|j 15 PICTURE^START, FLUSH , valid or access token, it determines 

W the status of each buffer and its readiness to accept new 

data. For example, the PICTUR£_START token causes the 
CI Buffer Manager to cycle through each buffer to find one 

^ which is capable of accepting the new data. 

0 2 0 The Buffer Manager can also be configured to handle the 

N : multi-standard requirements dictated by the tokens it 

receives. For example, in the K.261 standard, data maybe 
skipped during display. If such a token arrives at the 
Buffer Mnager, the data to be skipped will be flushed from 
2 5 the buffer in which it is stored. 

Thus, by managing the buffers, data can be effectively 
displayed according to the compression standard used to 
encode the data, the rate at which the data is decoded and 
the particular type of display device being used. 
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The foregoing description is believed to 
adequately describe the overall concepts, system 
implementation and operation of the various aspects of the 
- invention in sufficient detail to enable one of ordinary 
5 skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
10 implementation of various embodiments of the invention, the 
following further description and explanation is preferred. 
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This is a more detailed description for a mult i -standard 
video decoder chip-set. It is divided into three main 
sections: A, B and C. 

Again, for purposes of organization, clarity and 
convenience of explanation, this additional disclosure is 
set forth in the following sections. 

* Description of features common to chips in the 

chip-set: 

• Tokens 

•Two wire interfaces 

• DRAM interface 
•Microprocessor interface 

• Clocks 

• Description of the Spatial Decoder chip 

• Description of the Temporal Decoder chip 
SECTION A.l 

The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set . 

A. 1.1 Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
XAKES_OF_TOKENB 
wire_name active high signal 
wire_name active low signal 
register^ name 
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SECTION A.2 Video Decoder Family 

* 30 MHz operation 
•Decodes MPEG , JPEG & H.261 
■Coded data rates to 25 Mb/s 

5 -Video data rates to 21 MB/s 

•MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 

* Flexible chroma sampling formats 

• Full JPEG baseline decoding 
•Glue-less page mode DRAM interface 

10 • 208 pin PQFP package 

• Independent coded data and decoder clocks 
■ Re-orders MPEG picture sequence 

The video decoder family provides a low chip count 
solution for implementing high resolution digital video 
15 decoders. The chip-set is currently configurable to 

support three different video and picture coding systems: 
JPEG, MPEG and H.261, 

Full JPEG baseline picture decoding is supported. 
720 x 480, 30 Hz, 4:2:2 JPEG encoded video can be decoded 
20 in real-time. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
x 430, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
25 of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 

A* 2.1 System configurations 
A.2. l.i Output formatting 

30 In each of the examples given below, some form of output 

formatter will be required to take the data presented at 
tne output of the Spatial Decoder or Temporal Decoder and 
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re-fortna* it for a computer or display system. The details 
of this formatting will vary between applications. in a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chip 
and write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A. 2. 1.2 JPEG still picture decoding 

A single .Spatial Decoder, with no-off-chip DRAM, can 
rapidly decode baseline JPEG images. The Spatial Decoder 
will support all features of baseline JPEG. However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 
chroma sampling formats and color spaces that can be 
supported . 

A. 2. 1.3 JPEG video decoding 

Adding off-chip DRAMs to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 
size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard decoder 
chip-set, it will merely pass the data through the Temporal 
2 5 Decoder without alteration or modification when the system 
is configured for JPEG operation. 
A.2.1.4 H.261 decoding 

The Spatial Decoder and the Temporal Decoder are both 
required to implement an H.251 video decoder. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 512k x 3) 
DRAM win be required by each of the Spatial Decoder and 
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the Ttfmp^ral Decoder* 
A . 2 . l . 5 MPEG decoding 

The configuration required for MPEG operation is the 
same as for H.261. However, as will be appreciated by on 
of ordinary skill in the art, larger DRAM buffers may be 
required to support the larger picture formats possible 
with MPEG. 
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SECTION A.3 Tokens 

A, 3.1 Token format 

In accordance with the present invention, tokens provide 
an extensible format for communicating information through 
the decoder chip-set. While in the present invention, each 
word of a Token is a minimum of 8 bits wide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width . Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
extension bit in each word- The formats for the tokens are 
summarized in Table A. 3.1. 

The extension bit indicates whether a Token continues 
into another word. It is set to 1 in all words of a Token 
except the last one. If the first word of a Token has an 
extension bit of 0, this indicates that the Token is only 
one word long. 

Each Token is identified by an Address Field that starts 
in bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
multiple words (in the current chips no address is more 
than 8 bits long, however, one of ordinary skill in the art 
will again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
(10 bits including the extension bit) . The only Token that 
takes advantage of these extra bits is the DATA Token. The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system* All other Tokens ignore the extra bits. 
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A.3.2 *THfe DATA Token 

The DATA Token carries data from one processing stage to 
the next. Consequently, the characteristics of this Token 
change as it passes through the decoder. Furthermore, the 
5 meaning of the data carried by the DATA Token varies 

depending on where the DATA Token is within the system, 
i.e., the data is position dependent. In this regard, the 
data may be either frequency domain or Pel domain data 
depending on where the DATA Token is within the Spatial 
10 Decoder. For example, at the input of the Spatial Decoder, 
DATA Tokens carry bit serial coded video data packed into 3 
yj bit words. At this point, there is no limit to the length 

^ of each Token. In contrast, however, at the output of the 

\| Spatial Decoder each DATA Token carries exactly 64 words 

lU 15 and each word is 9 bits wide. 

A. 3. 3 Using Token formatted data 
3 In some applications, it may be necessary for the 

circuitry that connect directly to the input or output of 
kK the Decoder or chip set. In most cases it will be 

5 20 sufficient to collect DATA Tokens and to detect a few 

[7 Tokens that provide synchronization information (such as 

PICTL*RE_START) . In this regard, see subsequent sections 
A. 16, "Connecting to the output of Spatial Decoder", and 
A. 19, "Connecting to the output of the Temporal Decoder". 
25 As discussed above, it is sufficient to observe activity 

on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 
the current token. In addition, the Address field can be 
tested to identify the Token. Unwanted or unrecognized 
2C Tokens can be consumed (and discarded) without knowledge of 
their content. However, a recognized token causes an 
appropriate action to occur. 
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Furthermore, the data input to the Spatial Decoder can 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10, "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an alternative to doing the configuration via the micro 
processor interface . 
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7\ S! S 


4 


l 3 


I 2 


1 c 


) ' Token Name 


Reference 


oj o| oj 1 1 i o j o ! i 


MAX.COWPJO 




oloioliji|o|ijo EXTENSION.DATA 




0 : 0 ! 0 i I ! 1 


Oj ,j 1 


USERJ3ATA 




o ; o j o 


I 1 t 


0 0 


DHT.MARKER 




Oj 0 0 1 1 


1 of t 


DOT.MARKER 




0 I 0 } 0 t 1 1 


.jo 


(rtserved) ONL.MARKER 




o i o I o 


1 1 1 1 | 1 


(reserved) DRI.MARKER 




t ' t ; 1 | 0 


i j Oj 01 0 


(reserved) 


i ; i!i|oji ojo|t 


(reserved) 




1 i l J 1 0 1 0 1 | 0 


(reserved) 




i i i j i o | i j o j 1 


1 






1 ! 1 i 1 


Oj 1 1 o 


0 


BORATE 




1 | \ | 1 o 


1 1 


0 t 


V8V.BUFFER.S12E 





i ! i ! i oj i 




0 


VBV_DELAY 




i; i! 1 j oj 1 i 


1l • 


PICTURE.TYPE 




i : i ; i i 1 1 o o j o j o 


PICTURE.RATE 


— , 

I 


i; i ! 1 | 1 j o 


0 0 


1 


PEL.ASPECT I j 


i ; i j i 1 1 | 0 j o 


.|o 


HOR120MTAL.SI2E 


t ; i | t j 1 


0 0 


1 1 


VERTICAL.SIZE 


i j i i 1 | 1 0 1 


0 0 


BROKEN.CLOSED j 


M « 1 M i 


0 1 


0 


1 


CONSTRAINED 


I 


J 1 i i | 1 | 1 j o 


1 t 


0 


(rtserved) SPECTRAL.LiMIT 
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j 1 ; i i 1 1 i j o| i 


1 


1 


DEFINE.MAX.SAMPLING 




I 


1 ; 1 : 1 j 1 j t 


0 0 


0 


(reserved) 




1 ; 1 | 1 j i 


t 


0 j 0 t 


(reserved) 


i : 1 i i | i j t o 


1 t o 


(reserved) 




i • 1 j 1 | 1 j i 


o j 1 1 i 


(reserved) 




1 ' t : 1 1 t 


1 


1 j 0| 0 


HOREONTAL.MBS | 


i ■ i : i ! 1 1 i I i j o 


! 


VERTICAL.MBS 
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(reserved) 
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A. 3. 4 Description of Tokens 

This section documents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A. 3. 2. 

Note: 

. "r" signifies bits that are currently reserved and carry 
the value 0 

.unless indicated all integers are unsigned 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


1 


1 


0 


1 


1 


0 


0 


BIT_RATE test info only 

Carries the MPEG bit rate parameter P Generated by the 
Huffman decoder when decoding an MPEG bitstream 

b - an 18 bit integer as defined by MPEG 


1 


r 


r 


r 


r 


r 


r 


b 


b 


1 


b 


b 


b 


b 


b 


b 


b 


b 


0 


b 


b 


b 


b 


b 


b 


b 


b 


1 


1 


1 


1 


1 


0 


1 


0 


0 


BROKEN_CLOSED 
Carries two MPEG flag bits' 
c - closed_gap 
b - broken Jink 


0 


r 


r 


r 


r 


r 


r 


c 


b 


1 


0 


0 


0 


1 


0 


1 


0 


1 


CODING_STANDARD 




s 


s 


s 


s 


s 


s 


s 


s 


s - an 8 bit integer indicating the current coding standard 
The values currently assigned are 

0 - H 261 

1 - JPEG 

2 - MPEG 


1 


1 


1 


0 


0 


0 


0 


c 


c 


COMPONENT JMAME 

Communicates the relationship between a component ID and 
the component name See also 

c - 2 bit component ID 

n - 8 bit component "name" 


0 


n 


n 


n 


n 


n 


n 


n 


n 


1 


1 


1 


1 


1 


0 


1 


0 


1 


CONSTRAINED 

c - carries the constrained_parameters_fiag decoded from an 
MPEG bitstream 


0 


r 


r 


r 


r 


r 


r 


r 


c 



Table A.3.2 Tokens Implemented in the Spatial 
Decoder and Temporal Decoder (Sheet 1 of 9) 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


0 


0 


1 


c 


c 


DATA 


1 


d 


d 


d 


d 


d 


d 


d 


d 


Camas data through the decoder chip-set 




c - a 2 bit integer component ID {see A 3 5 1 ) This field is not 
defined for Tokens that carry coded data (rather than pixel 


0 


d 


d 


d 


d 


d 


d 


d 


d 


information) 


1 


1 


1 


1 


1 


0 


1 


1 


1 


DEFINE JVIAX_SAMPLING 


1 


r 


r 


r 


r 


r 


r 


h 


h 


Max. Horizontal and Vertical sampling numbers These 
describe the maximum number of blocks horizontally/vertically 


0 


r 


r 


r 


r 


r 


r 




V 


in any component of a macroblock See A 3 5 2 
h - 2 bit horizontal sampling number 
v - 2 bit vertical sampling number 


1 


1 


1 


0 


0 






c 


c 


DEFINE_SAMPLING 


1 


r 


r 


r 


r 




r 


h 


h 


Horizontal and Vertical sampling numbers for a particular 
colour 


0 


r 


r 


r 






r 


V 


V 


component See A 3.5 2 

c - 2 bit component ID 

h - 2 bit horizontal sampling number 

v - 2 bit vertical sampling number 


0 


0 




0 


1 


1 


1 


0 


0 


nUT MAPWPR 

This Token informs the Video Demux that the DATA Token 
that follows contains the specification of a Huffman table 
described using the JPEG "define Huffman table segment" 
syntax This Token is only valid when the coding standard is 
configured as JPEG This Token is generated by the start 
code detector during JPEG decoding when a DHT marker has 
been encountered in the data stream 



Table A.3.2 Tokens implemented in the Spatial 
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Huffman Register File Address Map 
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E 


7+1 


*5 


4j a! zj i j o 


Oescnotion 


1 


0| 0 


0| t 


\ j 0 


1| 0 


EXTENS10N.DATA JPEG 

This Token informs the video Cemux that ;n« DATA Token :nat 
fottows contains extension data. See A. 1 1 3. "Conversion cf $:an 
codes to Tokens', and A. U.S. 'Receiving user and 
Extension data*. 

During JPEG operation the 8 bit field V carries the JPEG rr.ztxtt 
value. This a»ows the class of extension data to be 'demised. 


0 


v ' 

i 
i 


V 


V 


V 


V 


V 


v 




0 


0 


o 


0 


\ 


1 


0 


1 


0 


EXTENSION J)ATA MPEG 

This Token informs the Video Demux that me DATA To*en that 
follows contains extension data. See A.u.3. 'Conversion o! sun 
codes to Tokens*, and A.14.6, 'Receiving user and 
Extension data". 


1 


o|o|ojijt|o|o{o 


FIELD JNFO 


0 


r 




r 


t 


P 


f 


f 


< 


Carnes information about the picture following :o aid its display 
This funcoon « not signalled by any existing coding standard. 

i 

t * if the picture is an interlaced frame this bit tncicates if Lie upp*.' . 
field is first (t«0) or second. 

p • if pictures are fields this indicates if the next picture is upper 

i 

(p»0) or tower m the frame. t 
f * a 3 bit number indicating position of the field :n the 8 field 9 Ai 
sequence. ' 


0 


0 


Oj 0 

1 
! 


1 


Oj t 

i 

* 
i 
t 

t 


1 


! 1 


FLUSH 

Used to indicate the end of the current coded data ano to push re ' 
end of the data stream through tne decoder. 


. 0 

! 
i 

i 


0 


i o 

t 

1 


1° 

1 

1 

1 
1 


\ j 0 j 0 

I ; 
I i 
I ; 


T 

t 

i ; 

i 
i 
i 


GROUP.START 

Generated wnen the group of pictures star, coae is founc wren 
decoding MPEG or the frame marker ts found wnen oecadmg 
JPEG. 
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7 j ft, 5 4 3 j 21 1 | 0 



t | I 1 | t 



nolo 



t f f . r f r h . ft I ft » h , ft 



ft ' ft' ft hi n i ft. ft i n 



Oescnption 

HORIZONTAL.MBS ' 

ft * a 13 bit number integer indicating ine horizontal width ot r.e 
picture tn maerobtocKs. 



1 I 1 M i H 0! 0 j 1 I 0 



hjnjnjhjnjhjhjn 



ft hihiftSh ft h ft 



HORIZONTAL.SIZE 

h - 16 bit number integer indicating the horizontal width of r^e 
picture tn pixels. This can be any integer value. 



t 1 ; 1 | 0| 0 | 1 | 0| c | c 



t i t 



JPEG.TABLE.SELECT 

informs tfte inverse duantiser which quantisation table to use en 
the specified colour component 

C - 2 bit component 10 (see A.3.5. t 
t • 2 bit integer tatrie number. 



0 | 0 1 0 j 1 l 1 | 0 j 0 j t 



mi m 



MAX.COMPJD 

m • 2 b»t integer indicating the maximum value of component ID 
(see A.3.S. t ) mat writ be used m tfte next picture. 



1 i t 



0; 1 



01 t c 



MPEG.DCH.TABLE 

Configures wntcft DC coefficient Huffman table should be usee for 
colour component cc. 

c - 2 bit component 10 (see a.3.5.1 
t - 2 bit integer table number. 



t t i 

I 
I 



i f d 

i 



MP£G_TABLE_SELECT 

informs the inverse quantiser wnetner to use the default at user 
defined quantisation table for intra or nan-tntra information. 

n - 0 indicates inca information. i non-tntra. 
d * 0 indicates default taote. i user defined. 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


0 


1 


d 


V 


V 


V 


V 


MVD_BACKWARDS 

Carries one component (either vertical or horizontal) of the 
backwards motion vector 

d - 0 indicates x component, 1 the y component 

v - 12 bit two's complement number The LSB provides half pixel 
resolution 


0 


V 


V 


V 


V 


V 


V 


V 


V 


1 


1 


0 


0 


d 


V 


V 


V 


V 


MVD_FORWARDS 

Carries one component (either vertical or horizontal) of the 
forwards motion vector 

d - 0 indicates x component, 1 the y component 

v - 12 bit two's complement number The LSB provides half pixel 
resolution 


0 


V 


V 


V 


V 


V 


V 


V 


V 


0 


0 


0 


0 


0 


0 


0 


0 


0 


NULL 

Does nothing 


-J 




t 


•\ 


1 


o 


o 


o 


-j 


rcL_nOrCO I 

p - a 4 bit integer as defined by MPEG 


A 

u 


r 


r 


r 


r 


P 


P 


P 


P 


o 


Q 


o 


o 


■\ 


o 


■\ 


■\ 




Inserted by the start code detector to indicate the end of the 
current picture 


1 


1 


1 


1 


1 


0 


0 


0 


0 


P!CTURE_RATE 

p - a 4 bit integer as defined by MPEG. 


0 


r 


r 


r 


r 


p 


p 


p 


p 


1 


0 


0 


0 


1 


0 


0 


1 


0 


PICTURE_START 

Indicates the start of a new picture 

n - a 4 bit picture index allocated to the picture by the start code 
detector 


0 


r 


r 


r 


r 


n 


n 


n 


n 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


1 


1 


0 


1 


1 


1 


1 


PICTURE_TYPE MPEG 

p - a 2 bit integer indicating the picture coding type of the picture 
that follows- 

0 - intra 

1 - Predicted 

2 - Bidirectionally Predicted 

3 - DC intra 


0 


r 


r 


r 


r 


r 


r 


P 


P 


1 


1 


1 


1 


0 


1 


1 


1 


1 


PICTURE_TYPE H 261 

Indicates various H 261 options are on (1) or off (0) These options 
are always off for MPEG and JPEG 

s - Split Screen Indicator 
d - Document Camera 
f - Freeze Picture Release 
Source picture format 
q = 0-QCIF 
q = 1 - CIF 


1 


r 


r 


r 


r 


r 


r 


0 


1 


0 


r 


r 


s 


d 


f 


q 


1 


1 


0 


0 


1 


0 


h 


y 


X 


b 


f 


PREDICTION^MODE 

A set of flag bits that indicate the prediction mode for the 

macroblocks that follow 

f - forward prediction 

b - backward prediction 

x - reset forward vector predictor 

y - reset backward vector predictor 

h - enable H 261 loop filter 
























































0 


0 


0 


1 


s 


s 


s 


s 


s 


QUANT_SCALE 

informs the inverse quantiser of a new scale factor 

s - a 5 bit integer in range 1 31 The value 0 is reserved 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


0 


1 


r 


t 


t 


QUANTTABLE 

Loads the specified inverse quantiser table with 64 8 bit unsigned 
integers The values are in zig-zag order 

t - 2 bit integer specifying the inverse quantiser table to be loaded 


1 


q 


q 


q 


q 


q 


q 


q 


q 




0 


q 


q 


q 


q 


q 


q 


q 


q 


0 


0 


0 


0 


1 


0 


1 


0 


0 


SEQUENCE END 

The MPEG sequence_end_code and the JPEG EOI marker cause 
this Token to be generated 


n 
u 


o 


o 


Q 


-\ 


o 


o 


o 


o 


SEQUENCE_START 

Generated by the MPEG sequence_start start code 


1 


0 


0 


0 


1 


0 


0 


1 


1 


SLICE_START 

Corresponds to the MPEG shce_start, the H.261 GOB and the JPEG 
resync interval. The interpretation of 8 bit integer "s" differs between 
coding standards- 
MPEG - Slice Vertical Position - 1 
H 261 - Group of blocks Number - 1 

JPEG - resychronisation interval identification (4 LSBs only) 


0 


s 


s 


s 


s 


s 


s 


s 


s 


1 


1 


1 


0 


1 


0 


0 


t 


t 


TEMPORAL-PREFERENCE 

t - carries the temporal reference For MPEG this is a 10 bit integer. 
For H.261 only the 5 LSBs are used, the MSBs will always be zero 


0 


t 


t 


t 


t 


t 


t 


t 


t 


1 


1 


1 


1 


0 


0 


1 


0 


d 


TtME_CODE 

The MPEG time_code. 

d - Drop frame flag 

h - 5 bit integer specifying hours 

m - 6 bit integer specifying minutes 
s - 6 bit integer specifying seconds 
p - 6 bit integer specifying pictures 


1 


r 


r 


r 


h 


h 


h 


h 


h 


1 


r 


r 


rn 


m 


m 


m 


m 


m 


1 


r 


r 


s 


s 


s 


s 


s 


s 


0 


r 


r 


P 


P 


P 


P 


P 


P 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


1 


1 


0 


1 


1 


USER_DATA JPEG 


0 


V 


V 


V 


V 


V 


V 


V 


V 


Thte TrtL-on infnrmc tho V/iHfsrt n<ami iv that thf* DATA TokPfl that 
I nlS 1 OKSn IFIKjiimS Uic VlUtJU UCI i IUa Midi uiu m i u^cii iitai 

follows contains user data See A 11 3, "Conversion of start 
codes to Tokens", and A. 14 6, "Receiving User and Extension 
data". 

During JPEG operation the 8 bit field carries the JPEG marker 
value. This allows the class of user data to be identified 


0 


0 


0 


0 


1 


1 


0 


1 


1 


USERJDATA MPEG 

This Token informs the Video Demux that the DATA Token that 
fniirtuuc r»r\ntain« i iqat Hats Spp A 1 1 ^ "Conversion of start 
codes to Tokens", and A 14 6, "Receiving User and Extension 
data" 


1 


i 


1 


1 


o 


1 


1 


0 


1 


VBV BUFFER SIZE 


-J 






r 


r 


r 


r 


s 


s 


S - 3 IU Oil fniCyCr da UcllHCU Uy IVIi t^vJ 










g 






s 






1 


1 


1 


1 


0 


1 


1 


1 


0 


VBV_DELAY 


1 


b 


b 


b 


b 


b 


b 


b 


b 


b - a 16 bit integer as defined by MPEG 


A 

u 


D 


D 


D 


u 


u 


L> 


h 


h 

u 




<\ 


1 


1 


1 


t 




•j 


o 


1 


V lZin I 1 L/ML IV! D O 


1 
1 


r 
r 


r 
r 


r 
r 


V 
V 


V 
V 


V 
V 


V 
V 


V 
V 


v - a 13 bit integer indicating the vertical size of the picture in 
macroblocks 


1 


1 


1 


1 


1 


0 


0 


1 


1 


VERTICAL_SIZE 


1 


V 


V 


V 


V 


V 


V 


V 


V 


v - a 16 bit integer indicating the vertical size of the picture in 
pixels 

This can be any integer value. 


0 


V 


V 


V 


V 


V 


V 


V 


V 
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A.3.5 Numbers signalled in Tokens 

A.3,5.1 Component Identification number 

In accordance with the present invention, the Component ID number 
is a 2 bit integer specifying a color component. This 2 bit field is typically 
located as part of the Header in the DATA Token. With MPEG and H.261 
the relationship is set forth in Table A.3.3. 



Component ID 


MPEG or H.261 colour component 


0 


Luminance (Y) 


1 


Blue difference signal (Cb/U) 


2 


Red difference signal (Cr/V) 


3 


Never used 



Table A.3.3 Component ID for MPEG and H.261 
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With JPEG the situation is more complex as JPEG does not 
limit the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan- The IDs are allocated sequentially as the 
specification of color components arrive at the decoder. 
A- 3 -5.2 Horisontal and Vertical sampling numbers 

For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblock. This 
specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.261) with 4:2:0 chroma 
sampling (Figure 36) and component IDs allocated as per 
Table A. 3. 4. 



Component 10 


Horizontal 
sampling 
fujmb«f 


Width in blocks 


Vertical 
number 


Height in blocks 


0 1 


2 1 2 I 


1 


0 


1 


0 


1 


2 


0 




0 


1 


3 


Not used Not used 


Not used 


Not used 



Table A* 3 • 4 sampling numbers for 4:2:0/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component to component ID will vary between applications. 
See A. 3. 5.1* Note: JPEG requires a 2:1:1 structure for its 
macroblocks when processing 4:2:2 data. See Table A. 3 . 5 . 





Honzcntai 




veoicai 




Ccr-ocrent !0 


sampling 


w.etn m blocks 


sampling 


He*;f t :n &(oe*S 




number 








Y 








1 


1 U 


0 


I 


o 


: 


V 


1 


i 







Table A* 3. 5 Sampling numbers for 4:2:2 JPEG 
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A.3.6^p#cial Token formats 

In accordance with the present invention, tokens such as 
the DATA Token and the QUANTJTABLE Token are used in their 
"extended form" within the decoder chip-set. In the 
extended form the Token includes some data. In the case of 
DATA Tokens, they can contain coded data or pixel data. in 
the case of QUANT_TABLE tokens, they contain quantizer 
table information . 

Furthermore, "non-extended form" of these Tokens is 
defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



Tofctn Name 


MPSG 


JPEG 


HJ2S1 


j BIT.RATE 




1 


BROKEN.CLOSED 


' ! 




CODING.STANDARD 






COMPONENT.NAME 


! - 


CONSTRAINED 






DATA 


/ 


/ 


/ 


DEFINE.MAX.SAMPUNG 


/ 


/ 


/ 


DEFINE.SAMPLING 




/ 




DHT_MARKER 




' \ 


DNL.MARKER 




' 1 


DQT.MARKER 


1 ' i 


DRl.MARKER 


! ' ! 



15 



Table A, 3. 6 tokens for different standards 
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i 


EXTENSION.DATA 




- ! 


FIELD JNFO 






t FLUSH 


s 






GROUP.START 


/ 


i ' 


1 


HORIZONTAL.MBS 


/ 


J / 


1 " 


HORIZONTAL.S1ZE 


/ 




i ' i 


JPEG TABLE SELECT 




/ i 


MAX.COMPJD 


/ 


/ 




MPEG_DCH_TABLE 


/ 




MPEGJTABLE.SELECT 


/ 




MVD.BACKWARDS 


/ 




MVD.FORWARDS 


/ 




s 


NULL 


/ 


/ 


s 


PEL.ASPECT 


/ j 


PiCTURE.ENO 


/ 


/ 


s 


PICTURE.RATE 


/ 


I 


j PICTURE.START 


/ 


' 1 


' \ 


j PICTURE.TYPE 


/ 


/ i 




1 PREDICTION.MODE 


t 

/ 




1 

t 


! QUANT SCALE 
t ~* 


' 1 


i 


✓ I 


QUANT.TABLE 


' 1 


/ i 


1 


1 SEOUENCE.END 


/ 


/ 




SEQUENCE.START 


/ 


/ 




SLICE.START 


/ 


< \ 


' I 


TEMPORAL_REFER£NCE 


/ 


i 


/ 1 


TiME.CODE 


< \ i 


USER.DATA 


' 1 




i 


VB V_S U FFE R_S IZE 


' ! i ! 


! VBV.DELAY 


' i i 


j VERTICAL.MBS 


' 1 


' ! 




VERTICAL.SI2E 


/ 




' ! 



Tatrte A.3.5 Tokens for different standards (contd) 
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A. 3. 7 Us* of Tokens for different standards 

Each standard uses a different sub-set of the defined 
Tokens in accordance with the present invention; ss Table 
A. 3. 6. 



Cl 

*B 

St 
Si 
St 

w 
m 
w 

Q 

m 

Q 
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SECTION A*4 The two wire interface 

A. 4 « 1 Two-wire interfaces and the Token Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
Data is only transferred between blocks when both the 
sender and receiver are observed to be ready when the clock 
rises. 

1) Data transfer 

2) Receiver not ready 

3 ) Sender not ready 

If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait* If the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 
output until it is accepted by the receiver. 

When Token information is transferred between blocks the 
two-wire interface between the blocks is referred to as a 
Token Port. 
A. 4.2 Where used 

The decoder chip-set, in accordance with the present 
invention, uses two-wire interfaces to connect the three 
chips. In addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
A. 4. 3 Bus signals 

The width of the data word transferred by the two-wire 
interface varies depending upon the needs of the interface 
concerned (See Figure 35, "Tokens on interfaces wider than 
8 bits". For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine Transform (IDCT), but only 9 bits 
are output. 
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interface 


Da:a vv-c:n (bits; ■ 


Cooec cau input to Spasai Ctcodcr 


3 : 


Cutout port of Spatial Decoder 




input port of Temporal Decoder 


! 


Outou? port of Temporal Decootr 


3 ! 


input port of tmage Formaner 


8 i 



Table A. 4.x Two wire interface data width 

In addition to the data signals there are three other 
signals transmitted via the two-wire interface: 

.valid 

. accept 

. extension 
A. 4 « 3 . l The extension signal 

The extension signal corresponds to the Token extension 
bit previously described. 
A.4*4 Design considerations 

The two wire interface is intended for short range, 
point to point communication between chips. 

The decoder chips should be placed adjacent to each 
other, so as to minimize the length of the PCB tracks 
between chips. Where possible, track lengths should be 
kept below 25 mm. The PCB track capacitance should be kept 
to a minimum. 
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The clock distribution should be designed to minimize 
the clock slew between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips". 1 
5 All chips communicating via two wire interfaces should 

operate from the same digital power supply. 
A. 4*5 Interface timing 



Num. 

f 
! 


Characteristic 


30 MHz 


Unit 


Note 1 
s 


Min. 


Max. 


! i 


inout s^nai stt-ue ome 


5 




ns 




2 


input signal notti um« 


0 




ns 




3 


Output signal cnvt om« 




23 


ns 




4 Outout signal noJd am* 


2 




ns 





Table A. 4. 2 Two wire interface timing 

a. Figures in Table A. 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 2 0 P F 



1 Note: Figure 3 8 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock. This is 
15 optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10 • 5 , "Coded data clock" . Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 
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A.4.6 Signal levels 

The two-wire interface uses CMOS inputs and output. 
ViHmtn is approx. 70% of V DD and V 1Lma x is approx. 30% of V DD . 
5 The values shown in Table A.4.3 are those for V 1H and V 1L at their 
respective worst case V D d. V D d=5.0V0.25V. 





wy i f luui 


Parameter 


Min. 


Max. 


units 




Vm 


Input logic '1' voltage 


3.68 


V do -0.5 


V 




v„. 


input logic 'O' voltage 


GND-0.5 


1.43 


V 




VoH 


Output logic '1' voltage 


V dd- 0.1 




V 








Vdd-0.4 




v b 




Vol 


Output logic '0' voltage 




0.1 


v c 










0.4 


V d 






Input leakage current 




± 10 


ct>A 



Table A.4.3 DC electrical characteristics 

a. l 0 H#1mA 
10 b. l 0 H#4mA 



c. ioi#1mA 

d. l 0 i#4mA 
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A.4.7 Control clock 

In general, the clock controlling the transfers across the 
two wire interface is the chip's decoder_clock. The exception is 
the coded data port input to the Spatial Decoder. This is 
controlled by coded_clock. The clock signals are further 
described herein. 



534 

by using latches. However, this scheme requires the user 

to consider several factors. 

^control shift-register must now produce control 
signals of both phases for use as enables (i.e., 
5 need to use latches in this shift-register) 

•timing analysis complicated by use of latches 
* the "tjpostc" will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 
10 enables this is not a problem for the circuit) 

Nonetheless, the area saved by the use of latches makes 

it worthwhile to accept these factors in the present 

invention . 

B.9.11.1.4 Microprocessor interfaces 

15 Due to the nature of this interface, there is a 

requirement for latches (and resynchronizers) in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores. 

B.9.11.1,5 JTAG Test Control 

20 These standard blocks make use of latches. 

B. 9. 11.2 circuit Design Issues 

Apart from the work done in the design of the library 
cells that were used in the IDCT design (standard cells, 
datapath library, RAMs, ROMs, etc.) there is no requirement 

23 for any transistor level circuit design in the IDCT. 
Circuit simulations (using Hspice) were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis (CPA) tool in the case of paths that were 

30 close to the allowed maximum length. 

Note that the IDCT *is fully static in normal operation 
(i.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . Due to 

3 5 the non-restored nature of some nodes which exhibit a vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 
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In Accordance with the present invention, the interface 
is configurable in two ways: 

.The detail timing of the interface can be 
configured to accommodate a variety of 
5 different DRAM types 

.The "width" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications. 
A. 5.3 Configuring the DRAM interface 
10 Generally, there are three groups of registers 

associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers and refresh configuration registers. The refresh 
configuration registers (registers in Table A . 5 . 4 ) should 
15 be configured last. 

A. 5, 3.1 Conditions after reset 

After reset, the DRAM interface, in accordance with the 
present invention, starts operation with a set of default 
timing parameters {that correspond to the slowest mode of 
20 operation) . Initially, the DRAM interface will continually 
execute refresh cycles (excluding all other transfers) . 
This will continue until a value is written into 
ref resh_interval. The DRAM interface will then be able to 
perform other types of transfer between refresh cycles. 
2 5 A. 5, 3 .2 Bus configuration 

Bus configuration (registers in Table A. 5. 3) should only 
be done when no data transfers are being attempted by the 
interface. The interface is placed in this condition 
immediately after reset, and before a value is written into 
30 ref resh_interval . The interface can be re-configured 
later, if required, only when no transfers are being 
attempted. See the Temporal Decoder chip_access register 
(A. IS. 3.1) and the Spatial Decoder buf f er_manager_access 
register ( A. 13 . i . 1 ) . 



A. 5. 3.^? ^Interface timing configuration 

In accordance with the present invention, modifications 
to the interface timing configuration information are 
controiied by the interf ace_t iming_access register. 
Writing l to this register allows the interface timing 
registers (in Table A. 5.2) to be modified. While 
interf ace_timing_access = 1, the DRAM interface continues 
operation with its previous configuration. After writing 
1, the user should wait until 1 can be read back from the 
interf ace_timing_access before writing to any of the 
interface timing registers. 

When configuration is compete, 0 should be written to 
the interf ace_timing_access . The new configuration will 
then be transferred to the DRAM interface. 
A.5.3.4 Refresh configuration 

The refresh interval of the DRAM interface of the 
present invention can only be configured once following 
reset. Until ref resh_interval is configured., the interface 
continually executes refresh cycles. This prevents any 
other data transfers. Data transfers can start after a 
value is written to ref resh_intervai . 

As is well known in the art, DRAMs typically require a 
"pause" of between 100 us and 500 ms after power is first 
applied, followed by a number of refresh cycles before 
normal operation is possible. Accordingly, these DRAM 
start-up requirements should be satisfied before writing a 
value to refresh_interval . 

A. 5* 3. 5 Read access to configuration registers 

All the DRAM interface registers of the present 
invention can be read at any time. 
A. 5. 4 Interface timing (ticks) 
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The*© RAM interface timing is derived from a Clock which 
is running at four times the input Clock rate of the device 
(decoder_clock) . This clock is generated by an on-chip 
PLL . 

5 For brevity, periods of this high speed clock are 

referred to as ticks. 
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A. 5.5 Interface registers 



Register name 


Size/Dir 


Reset State 


Description 


interface_timing_access 


1 

bit 
rw 


0 


This function enable register allows access 
to the DRAM interface timing configuration 
registers The configuration registers 
should not be modified while this register 
requests access to modify the configuration 
registers. After a 0 has been written to this 
register the DRAM interface will start to use 
the new values in the timing configuration 
registers 


page_start_length 


5 

bit 
rw 


0 


Specifies the length of the access start in 
ticks The minimum value that can be used 
is 4 (meaning 4 ticks) 0 selects the 
maximum length of 32 ticks. 


tra n sf e r_cy cl e_ie ngth 


4 

bit 

rw 


0 


Specifies the length of the fast page read or 
write cycfe in ticks. The minimum value that 
can be used is 4 (meaning 4 ticks) 0 
selects the maximum length of 16 ticks 


refresh_cycle_iength 


4 

bit 

rw 


0 


Specifies the length of the refresh cycle in 
ticks. The minimum value that can be used 
is 4 (meaning 4 ticks) 0 selects the 
maximum length of 16 ticks 


RAS_failing 


4 

bit 

rw 


0 


Specifies the number of ticks after the start 
of the access start that RAS falls Tne 
minimum value that can be used is 4 
(meaning 4 ticks) 0 selects the maximum 
length of 1 6 ticks 


CASJalling 


4 

bit 
rw 


8 


Specifies the number of ticks after the start 
of a read cycle, write cycle or access start 
thaXCAS f a,ls Tne minimum value that 
can be used is 1 (meaning 1 tick) 0 selects 
the maximum length of 16 ticks 



Table A. 5. 2 Interface timing configuration registers 
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Register name 


Size/Dir 


Reset State 


Description 


DRAM_data_width 


2 

bit 
rw 


0 


Specifies the number of bits used on the 
DRAM interface data bus DRAM_data 

[O I UJ OCC MOO. 


row_address„bits 


2 

bit 
rw 


0 


Specifies the number of bits used for the 
row address portion of the DRAM 
interface address bus. See A 5 10 . 


DRAM_enable 


1 

bit 
rw 


1 


Writing the value 0 in to this register 
forces the DRAM interface into a high 
impedance state. 0 will be read from 
this register if either the DRAM_enable 
signal is low or 0 has been written to the 
register 


CAS_strength 

RAS_strength 

addr_strength 

DRAM_data_strength 

OEWE_strength 


3 

bit 
rw 


6 


These three bit registers configure the 
output drive strength of DRAM interface 
signals. This allows the interface to be 
configured for various different loads 

See A.5 13 



Table A.5.3 Interface bus configuration registers 
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A.5.6 Interface operation 

The DRAM interface uses fast page mode. Three different types of 
access are supported: 

• Read 

• Write 

• Refresh 

Each read or write access transfers a burst of 1 to 64 bytes to a single DRAM 
page address. Read and write transfers are not mixed within a single access 
and each successive access is treated as a random access to a new DRAM 
page. 



Register name 






Description 


Size/Dir. 


Reset State 






refreshjnterval 


8 


0 


This value specifies the interval 








between refresh cycles in periods of 16 




bit 




decoder_clock cycles Values in the 








range 1 .255 can be configured The 




rw 




value 0 is automatically loaded after 








reset and forces the DRAM interface to 








continuously execute refresh cycles 








until a valid refresh interval is 








configured. It is recommended that 








refresh jnterval should be configured 








only once after each reset 


no_refresh 


1 


0 


Writing the value 1 to this register 








prevents execution of any refresh 




bit 




cycles 




rw 







Table A. 5.4 Refresh configuration registers 
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A* 5 ,7 *~X*cess structure 

Each access is composed of two parts: 
.Access start 
.Data transfer 

5 In the present invention, each access begins with an 

access start and is followed by one or more data transfer 
cycles. In addition, there is a read, write and refresh 
variant of both the access start and the data transfer 
cycle. 

10 Upon completion of the last data transfer for a 

particular access, the interface enters its default state 
(see A. 5.7. 3) and remains in this state until a new access 
is ready to begin. If a new access is ready to 
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begin when the last access has finished, then the new 
access will begin immediately. 
A.5.7.1 Access start 

The access start provides the page address for the read 
5 or write transfers and establishes some initial signal 
conditions. _ In accordance with the present invention, 
there are three different access starts; 

.Start of read 

.Start of write 
10 .Start of refresh 



Num. 


Characteristic 


Min. 


Max. 


Unit Noies 


5 


RAS preefiarge period set oy register 
RAS Jelling 


4 


16 


DCK 


( 
t 

f 


6 


Access stan ourauon set oy register 
page.sUrtJengtft 


4 


32 








£aS precfta/ge tengtri set Dy f easier 
CAS.falllng. 


1 


16 




4 


8 


Fast page read or write cycle fengtn set oy 
the register trensfe recycle jengtft. 


4 


te 




1 


9 


fiefresn eycie length set Oy me regtster 
rerrtsh.cycie. 


4 


1 

16 


! 


l 



Table A, 5.5 DRAM Interface timing parameters 

a. This value must be less than RAS_f ailing to ensure 
before RAS refresh occurs. 
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In each case, the timing of RAS and the row address is 
controlled by the registers RAS_falling and 
page_s tart_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until **RAS 
falls . The three different access start types only vary in 
how they drive OE and DRAM_data[31: 0] when RAS falls. See 
Figure 43. 

A. 5.7.2 Data transfer 

In the present invention, there are different types of 
data transfer cycles: 
.Fast page read cycle 
.Fast page late write cycle 
.Refresh cycle 

A start of refresh can only be followed by a single 
refresh cycle. A start of read (or write) can be followed 
by one or more fast page read (or write) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven. 

Furthermore, an early write cycle is used. WE is driven 
low at the start of the first write transfer and remains 
low until the end of the last write transfer. The output 
data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during the refresh cycle. The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM. 
A. 5. 7. 3 Interface default state 

The interface signals in the present invention enter a 
default state at the end of an access: 

RAS, CAS and WE high 

*data and OE remain in their previous state 
. addr remains stable 
A. 5. 8 Data bus width 
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The*tv«> bit register, DRAM_data_width, allows the width 
of the DRAM interface's data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 



QRAM.data.width 


! 


o 4 


8 bit widt d*U bus on OftAM.data(3t:24]*. 


t 


16 bit **d« dttt bus on 0*AM.dat*(31:t6]' b ' 


2 


32 bit wid* dirt bus on OAAM.d*t»(31:0}. 


Table A. 5. 


« Configuring DRAM_data_width 



a. Default after reset. 

b. Unused signals are held high impedance. 



A. 5. 9 row address width 

The number of bits that are taken from the middle 
section of the 24 bit internal address in order to provide 
the row address is configured by the register, 
row address bits. 



row •ddf«**.bit» 


width of row iddftsft 


■ 


tO oiti on OAAM_addr(9:0| 


2 | tl b»t$onORAM.»ddf(10:01 



Table A. 5.7 Configuring row address bits 



x. 5. io-AAdr«sa bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used and, 
therefore, produce "hidden bits)". 

Similarly, the row address is extracted from the middle 
portion of the address. Accordingly, this maximizes the 
rate at which the DRAM is naturally refreshed. 



row 
addraas 

width 


row adovasa 
translator) 
int amal axtamaf 


data but 

width 


column addrt&s i iaoon 
intarnai *3 a* nai 


9 


(14:6)0(8:0] 


a 


[19:l5)«{10:e) 


15:0)0(5:0) 






i« 


f 20:1 51 o 1 10:5) 


(5:1)0(4:01 






32 


(21:151 =^ (10:41 


(5^)op:0) 




(1S:6)o|9:0) 


S 


[19:16)0(10:5' 


|5:0)* (5.0) 






ie 


{20: 15| o(10 i 


15:1)* (4:0) 






32 


(21:16) o(1 :4) 


(5:21 0 (3. 0J 




(15:6)0(10:0) 


8 


(19:17) of 0:61 


[5:01 o (5:0) 






1* 


(20:17) (10:5) 


(5:1)0(4:0] 






32 


121:17) M10;4) 


(5-2|o(3:0| 



Table A. s . 8 Mapping between internal and external addresses 
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A.5.1*»i«. Low order column address * bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
5 control these transfers will depend on the width of the 
data bus (see A. 5. 8). 

A* 5. 10*2 Decoding row address to access more ORAM banks 
Where only a single bank of DRAM is used, the width of 
the row address used will depend on the type of DRAM used. 
10 Applications that require more memory than can be typically 
;f provided by a single DRAM bank, can configure a wider row 

address and then decode some row address bits to select a 
^ single DRAM bank. 

r|j: NOTE: The row address is extracted from the middle of 

0) 15 the internal address. If some bits of the row address are 

^ decoded to select banks of DRAM, then all possible values 

N, of these "bank select bits" must select a bank of DRAM. 

O Otherwise, holes will be left in the address space. 

f m A. 5 * 11 DRAM Interface enable 

CS 20 In the present invention, there are two ways to make all 

the output signals on the DRAM interface become high 
impedance, i.e., by setting the DRAM_enable register and 
the DRAM-enable signal. Both the register and the signal 
must be at a logic 1 in order for the drivers on the DRAM 

25 interface to operate. If either is low then the interface 
is taken to high impedance. 

Note: on-chip data processing is not terminated when 
the DRAM interface is at high impedance. Therefore, errors 
will occur if the chip attempts to access DRAM while the 

30 interface is at high impedance. 

In accordance with the present invention, the ability to 
take the DRAM interface to high impedance is provided to 
allow other devices to test or use the DRAM controlled by 
the Spatial Decoder (or the Temporal Decoder) when the 
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Spatial decoder (or the Temporal Decoder) is not in use. 
It is not intended to allow other devices to share the 
memory during normal operation. 
A. 5 ♦ 12 Refresh 

5 Unless disabled by writing to the register, no_refresh, 

the DRAM interface will automatically refresh the DRAM 
using a cas .before KKS refresh cycle at an interval 
determined by the register, ref resh_interval ♦ 

The value in ref resh_interval specifies the interval 

10 between refresh cycles in periods of 16 decoder_clock 

cycles. Values in the range 1.255 can be configured* The 
value 0 is automatically loaded after reset and forces the 
DRAM interface to continuously execute refresh cycles (once 
enabled) until a valid refresh interval is configured. It 

15 is recommended that ref resh_interval should be configured 
only once after each reset. 

While reset is asserted, the DRAM interface is unable to 
refresh the DRAM. However, the reset time required by the 
decoder chips is sufficiently short, so that it should be 

20 possible to reset them and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5 .13 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers, 

2 5 CAS_strength, RAS_strength , addr_strength, 

DRAM_data_strength, and OEWE_strength . The MSB of this 3 
bit value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances . 

30 The default strength .after reset is 6 and this 

configures the outputs to take approximately 10ns to drive 
a signal between GND and v DD if loaded with 24 p F. 





Orrv« characterises 




Approx. * ns/V into 6 pf load 


1 


Approx. 4 nvv into 1 2 pr load | 


2 


Approx. 4 ns/V into 24 pf load j 


3 


Apor ox. 4 nyV into 4* pf toad 


4 


Approx. 2 nvV into $ pf load | 


5 


Approx. 2 rW into 12 pf toad 


6* 


Approx. 2 n*/V tnto 24 pf load 


7 


Approx. 2 n*V into 4a pf load 



Table A. 5. 9 Output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
it is driving, it will meet the AC electrical 
characteristics specified in Tables A. 5. 13 to A. 5, 16* When 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition. 
A. 5, 14 Electrical specifications 

All information provided in this section is merely 
illustrative of one embodiment of the present invention and 
is included by example and not necessarily by way of 
limitation. 
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Parameter 


Min. 


Majc. 


j Units 




Supply vonage relative to GNO 


•0.5 








Input voiti$e on any pin 


GNO • 0.5 


V 00 -0.5 


V 




Ooertang temperature 




*85 


he 


i T s 


Storage teToerature 


-55 


*tS0 


I 'Z 

t 



Table A. 5 . 10 Maximum Ratings* 

Table A. 5. 10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 
embodiment stresses below those listed in this table should 
be used to ensure reliability of operation. 



Symool 


Parameter 


Min. 


Max. 


Units 




Suppty voitace refatrve to GNO 




S.25 


v 


GNO 


Ground 




0 


v 




tnput ioc«: 'V vottace 


2.0 


v oo -0.5 


1 




Inout loetc '0' voftage 


GNO . 0.5 


0.8 


v I 


T A 


Operating temperature 




70 


•c* I 



Table A « 5 . 11 DC Operating conditions 

a. With TBA linear ft/min transverse airflow 
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Symbol 


Parameter 


Mm. 


Max 


Units 


v OL 


Output logic '0 f voltage 




04 


V 3 


v OH 


Output logic T voltage 


2.8 




V 


'O 


Output current 


± 100 




uA b 


■oz 


Output off state leakage current 


±20 




uA 


'IZ 


Input leakage current 


± 10 




MA 


'DD 


RMS power supply current 




500 


mA 


c iN 


input capacitance 




5 


PF 


c OUT 


Output /IO capacitance 




5 


pF 



Table A.5.12 DC Electrical characteristics 

a. AC parameters are specified using V 0 Lmax = 0.8V as the 
measurement level. 

b. This is the steady state drive capability of the interface. 
Transient currents may be much greater. 



A. 5 ♦ 1^T1*AC characteristics 



Num. 


Parameter 


Mm. 


Max. 


Unit 


Noit 1 


to 


Cycie tome 


•2 


+2 


n S 




u 


Cycle ome 


2 


-2 


ns 






Hign pgise 


5 


*2 


ns 




! 13 


tow pulse 


-11 


*2 


ns 




i u 


Cycle erne 


•8 




r.s j 



Table A. 5* 13 Differences from nominal values for a strobe 

a. As will be appreciated by one of ordinary skill in 
the art, the driver strength of the signal must be 
configured appropriately for its load. 



| Num. 


Parameter 


Mm. 


Max. 


Unit 


Note* j 


! » 


Strooe to strode oeiay 


-3 


♦3 


ns | j 


t 


Low riQtt time 




♦3 


ns 


i 


17 


Strobe to strode preenarge e.g. tCRP, 
tfiCS. tRCH. tRRH. tflPC 


9 


♦3 


ns 


i 

I 

i 


CX5 precnarge puse between any two 
CAS signais on wide DRAMs e.g. cCP, or 
between RAS retng and CAS falling e.g. 
tRPC 


•5 


*2 


ns 


i 


IS 


Precnarge before disable 


•12 


-3 


ns 


i 



Table A. 5. 14 Differences from nominal 
values between two strobes 

a. The driver strength of the two signals must be 
configured appropriately for their loads. 
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Num. 


Parameter 


Mm. 


Ma*. 


•Jnt 




19 


Set uo am# 


•12 


o 






20 


Hold time 


•12 








:i 


Address access ttme 


•t2 




- i 


1 12 i Ne* valid after suoce 

i 1 


•12 


+3 







# Table A. 5 . 15 Differences from nominal 

between a bus and a strobe 

SI a. The driver strength of the bus and the strobe must 

be configured appropriately for their loads. 



Num. 


Paramettr 


Mtn. 


Ma*. 




Note , 


23 


fiead data set-up ome cefcre CAS signal 
starts to nse 


0 




-4 


1 

i 


24 


ftead data hold time after EXS signal 
starts to go fug* 


0 






i 



5 Table A. 5. 16 Differences from nominal 

between a bus and a strobe 

When reading from DRAM, the DRAM interface samples 
DRAM_dataf 31:0] as the signals rise. 



tRC 



(CP 



12 



tCSH 



ICWU 



tASR 


19 


tASC 




ros 






Table A. 5.17 Cross-reference between "standard" 
parameter names and timing parameter numbers 



to define the tokens. Next, regfile.h defines the ALU 
register \ap. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
5 that are used in the code are defined. After this step, 
instr.u is included to define a large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next, 
unword.u defines the order in which the fields are placed 
10 to build the microcode word. 

rK- The remainder of ucode.u is the microcode program itself. 

M b. 2.5*1 The Instructions 

J! In this section the various instructions defined in 

f|| ucode.u are described. Not all instructions are described 

05 15 here since in many cases they are small variations on a 
^ theme (particularly the ALU instructions) . 

B. 2. 5. i.l Huffman and Index to Data Instructions 

In the invention, the H_NOP instruction is used by the 
^ Huffman Decoder. It is the No-operation instruction. The 

D 2 0 Huffman does nothing in the sense that no data is decoded. 

The data produced by this instruction is always zero. 

Accordingly, the associated instruction is passed onto the 

ALU. 

The next instructions are the Token groups; H_TOKSRCH, 
2 5 H_TOKSKIP_PAD, H_TOKSKIP_JPAD , H_TOKPASS and H_TOKR£AD . 
These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. H_T0KREAD reads a 
single token word. H_TOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
30 The associated command is repeated for each word of the 
Token. HJTOKSRCH discards all serial data preceding a 
Token and then reads one token word. HJTOKSKIP_PAD skips 
any padding bits (H-261 and MPEG) and then reads one Token 
word. H_TOKSKIP_JPAD does the same thing for JPEG padding. 
2 5 H_FLC(NB) reads a fixed length code of "NB" bits. 

H_VLC(TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., HJ/LC ( tcoef f ) ) . 
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A. 6. 2 --MM electrical specifications 




le A. 6.2 Absolute Maximum Ratings' 




measurement level. 



With TBA linear ft/min transverse airfl 
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Syrrool 


Parameter 


Mm. 


Max. 


| Units 


1 ^ 


| Output logic 'C voltage 




0.4 


1 v 




Open collector output logic *0* 
voltage 




0,4 


V" 

1 




Outout 109c T vottage 


2.4 


f 


V 1 


1 


Output current 


i 100 








Ooen collector output current 


4.0 


a.o | 


**« , 


| "ez 


Outout off state leakage current ] 




,20 1 


ha ; 




Incut leakage current | 


1 


..0 | 


1 


!'=e | 


RMS power supply current 




£00 i 


IT* i 




Input capaotance 


s 1 






Outout / to capacitance 


1 s ! 1 



Table A. 6. 4 DC Electrical characteristics 

^O^ loot n.m 

This is the steady state drive capability of 
the interface. Transient currents may be 
much greater. 

When asserted the open collector Irq output 
pulls down with an impedance of loon or less, 
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6.2 fT *AC characteristics 



Mum. 

! 




Mm. 


Max. 

i 


i Unit 

! 


j Notes 
1 * 


1 a 


cnaaie low o*f-od 


100 




i rs 


! 


=* 


En aoie ni$n :er.cd 


50 






i 


27 


Address or rw set*up to cntp enaoie 


0 




„s 


1 j 


28 


Address or rw no*d from cm© dtsaoie 


0 


I - ! i 


29 


Output turn-on ttrre 


20 




ns 




30 


Read eata access ttme 




ro 




» i 

1 


31 


Read data noid sm« 


5 




» 1 


32 


Read data tum-ofl time 




20 


! ! 



Table A. 6.5 Microprocessor interface read timing 

a. The choice, in this example, of enablefO] 
to start the cycle and enable[ 1] to end it 
is arbitrary. These signal are of equal 
status . 

b. The access time is specified for a maximum 
load of 50 p F on each of the data[7.0]. 
Larger loads may increase the access time. 



Num. 


Characteristic 


Mm, 


Max. 


Unit 


Notes 


33 


Write oata s«t*uo time 




i 


ns 




34 


wme data ftoJd time 


0 


i * s 





Table A. 6 . 6 Microprocessor interface write timing 

a. The choice, in this example, of enar>ie[0] 
to start the cycle and eftibl'fffi] to end 
it is arbitrary. These signal are of equal 
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A. 6 . 3 *~Iaterrupts 

In accordance with the present invention, "event" is the 
term used to describe an on-chip condition that a user 
might want to observe* An event can indicate an error or 
5 it can be informative to the user's software. 

There are two single bit registers associated with each 
interrupt or "event". These are the condition event 
register and the condition mask register . 
A. 6 .3.1 condition event register 
10 The condition event register is a one bit read/write 

register whose value is set to one by a condition occurring 
within the circuit* The register is set to one even if the 
condition was merely transient and has now gone away. The 
register is then guaranteed to remain set to one until the 
15 user's software resets it (or the entire chip is reset). 
■The register is set to zero by writing the 
value one 

' Writing zero to the register leaves the register 
unaltered. 

2 0 -The register must be set to zero by user 

software 

before another occurrence of this condition can 
be observed. 
-The register will be reset to zero on reset. 
2 5 A. 6. 3. 2 Condition mask register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register (s) 
is (are) set. If the condition event is already set when 1 
30 is written to the condition mask register, an interrupt 
request will be issued immediately. 

•The value 1 enables interrupts. 

•The register clears to zero on reset. 

Unless stated otherwise a block will stop operation 
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after ^eaerating an interrupt request and will re-start 
operation after either the condition event or the condition 
mask register is cleared. 
A. 6.3. 3 Event and mas* bits 
5 Event bits and mask bits are always grouped into 

corresponding bit positions in consecutive bytes in the 
memory map (see Table A. 9. 6 and Table A. 17, 6), This allows 
interrupt service software to use the value read from the 
mask registers as a mask for the value in the event 
10 registers to identify which event generated the interrupt:. 
a. 6« 3. 4 The chip event and mask 
s| Each chip has a single "global" event bit that 

'^f summarizes the event activity on the chip. The chip event 

fi;{ register presents the OR of all the on-chip events that 

CO 15 have 1 in their mask bit. 

^ A 1 in the chip mask bit allows the chip to generate 

|*k interrupts. A 0 in the chip mask bit prevents any on-chip 

events from generating interrupt requests. 

SSSSf.: 

writing l to 0 to the chip event has no effect. It will 
O 20 only clear when all the events (enabled by a 1 in their 
r " mask bit) have been cleared. 

A. 6. 3,5 The irq signal 

The Irq signal is asserted if both the chip event bit 
and the chip event mask are set. 
25 The irq signal is an active low, "open collector" output 

which requires an off-chip pull-up resistor. When active 
the irq output is pulled down by an impedance of 100O or 
less . 

I will be appreciated that pull-up resistor of 
30 approximately 4kH -should . be suitable for most applications. 
A. 6. 4 Accessing registers 

A. 6. 4.1 Stopping circuits to enable access 

In che present invention, most registers can only 
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modified if the bloc)c with which they are associated is 
stopped. Therefore, groups of registers will normally be 
associated with an access register. 

The value 0 in an access register indicates that the 
group of registers associated with that access register 
should not be modified. Writing 1 to an access register 
requests that a block be stopped. However, the block may 
not stop immediately and block's access register will hold 
the value 0 until it is stopped. 

Accordingly, user software should wait (after writing 1 
to request access) until 1 is read from the access 
register* If the user writes a value to a configuration 
register while its access register is set to 0, the results 
are undefined. 

A. $.4.2 Registers holding integers 

The least significant bit of any byte in the memory map 
is that associated with the signal data[0]. 

Registers that hold integers values greater than 8 bits 
are split over either 2 or 4 consecutive byte locations in 
the memory map. The byte ordering is "big endian" as shown 
in Figure 55. However, no assumptions are made about the 
order in which bytes are written into multi-byte 
registers. 

Unused bits in the memory map will return a 0 when read 
except for unused bits in registers holding signed 
integers. In this case, the most significant bit of the 
register will be sign extended. For example , a 12 bit 
signed register will be sign extended to fill a 16 bit 
memory map location (two bytes) . A 16 bit memory map 
location holding a 12 bit unsigned integer will return a 0 
from its most significant bits. 
A. 6 • 4 . 3 Reyboled address locations 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 
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"keyh<*Jb-ea" . A "keyhole" has two .registers associated with 
it, a keyhole address register and a keyhole data register. 

The keyhole address specifies a location within an 
extended address space. A read or a write operation to the 
5 keyhole data register accesses the -location specified by 
the keyhole address register. 

After accessing a keyhole data register the associated 
keyhole address register increments. Random access within 
the extended address space is only possible by writing a 
10 new value to the keyhole address register for each access. 
A chip in accordance with the present invention, may 
have more than one "keyholed" memory map. There is no 
interaction between the different keyholes. 
A. 6. 5 Special registers 
15 A. €.5.1 Unused registers 

Registers or bits described as "not used" are locations 
in the memory map that have not been used in the current 
implementation of the device. In general, the value 0 can 
be read from these locations. Writing 0 to these locations 
20 will have no effect. 

As will be appreciated by one of ordinary skill in the 
art f in order to maintain compatibility with future 
variants of these products, it is recommended that the 
user's software should not depend upon values read from the 
25 unused locations. Similarly, when configuring the device, 
these locations should either be avoided or set to the 
value 0. 

A. 6. 5 .2 Reserved registers 

Similarly, registers or bits described as "reserved 11 in 
3 0 the present invention have un-documented effects on the 
behavior of the device and should not be accessed. 
A • 6 . 5 « 3 Test registers 

Furthermore, registers or bits described as "test 
registers" control various aspects of the device's 
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testability. Therefore, these registers have no 
application in the normal use of the devices and need not 
be accessed by normal device configuration and control 
software . 
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SECTION A,7 Clocks 

In accordance with the present inventions, many 
different clocks can be identified in the video decoder 
system* Examples of clocks are illustrated in Figure 56. 
5 As data passes between different clock regimes within 

the video decoder chip-set, it is resynchroni2ed (on-chip) 
to each new clock. In the present invention, the maximum 
frequency of any input clock is 30 MH,. However, one of 
ordinary skill in the art will appreciate that other 

10 frequencies, including those greater than 30KHz, may also 
be used- On each chip, the microprocessor interface (MPI) 
operates asynchronously to the chip clocks. In addition, 
the Image Formatter can generate a low frequency audio 
clock which is synchronous to the decoded video's picture 

15 rate. Accordingly, this clock can be used to provide 
audio/ video synchronization. 
A. 7.1 Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially 
asynchronous) clock inputs: 



Signal Name 


Input / 
Output 


Description 


coatd.ctoc* 


Input 


Thts clot* controls eau transfer m to the coded cata 
port o/ the Soaoai Decoser. 

On-chip this ciocfc controls the processing of the 
coded cata until it reaches the cosed data ourfer. 


oecoder.ctoc* 


input 


The oecooer dock controts the majority of the ' 

i 

processing functions on the Spatial Decocer. j 

The decoder dock aiso controls the transfer of data 
out ot the Spatial Decoder tnrcugn its output oon. 



Table A. 7.1 Spatial Decoder clocks 
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A. 7 . 2 —Temporal Decoder clock signals 

The Temporal Decoder has only one clock input: 



Si$naJ Nam* 


Input / 
Output 


Otscnption 


d€C3d€f_CiOCk 


input 


The decoder ctoc* controls ail of the processes 
functions on the Temporal Decoder. 

The decoder ctoc* also controls rrans*'er of data m to . 
tne TerrporaJ Oecoder nrougn its tnoui pon and out 
via its oufflut port. j 



sail:: 

Table A* 7 • 2 Temporal Decoder clocks 
A. 7.3 Electrical specifications 



Num. 


Characteristic 


30 MHz 


Unit 


1 
1 

NC!« J 

1 


Mm. 


Max. 


35 


Dock period 


33 




1 


36 


Clock hign penod 


13 




ns 


! 


37 


Clock low period 


13 






1 



5 



Table A* 7 • 3 Input clock requirements 
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Symbol 


Parameter 


Mm. 


Max. 


Un>ts j 


V, M 


tnputiogtc T voltage 


3.68 


v 30 + o.s 






fnput fogic *C votiage 


GNO • 0.5 


K43 


v i 


'ox 


Input leakage cuffent 




1 10 


u* j 



Table A. 7. 4 Clock input conditions 

A. 7,3.1 CMOS levels 

The clock input signals are CMOS inputs. V rHmtn is 
approx. 70% of v., D and v IUux is approx. 30% of V DD . The 
5 values shown in Table A. 7. 4 are those for V tH and V [t at 
their respective worst case V D0 . v DD -5 . OiO , 25V . 
A. 7 . 3 . 2 Stability of clocks 

In the present invention, clocks used to drive the DRAM 
interface and the chip-to-chip interfaces are derived from 
10 the input clock signals ♦ The tinting specifications for 
these interfaces assume that the input clock timing is 
stable to within t 100 ps. 
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SECTION A.8 JTAG 

As circuit boards become more densely populated, it is 
increasingly difficult to verify the connections between 
components by traditional means, such as in-circuit testing 
^5 using a bed-of-nails approach. In an attempt to resolve 
the access problem and standardize on a methodology, the 
Joint Test Action Group (JTAG) was formed. The work of 
this group culminated in the "Standard Test Access Port and 
Boundary Scan Architecture", now adopted by the IEEE as 

10 standard 1149.1. The Spatial Decoder and Temporal Decoder 
comply with this standard. 

The standard utilizes a boundary scan chain which 
serially connects each digital signal pin on the device. 
The test circuitry is transparent in normal operation, but 

15 in test mode the boundary scan chain allows test patterns 
to be shifted in, and applied to the pins of the device. 
The resultant signals appearing on the circuit board at the 
inputs to the JTAG device, may be scanned out and checked 
by relatively simple test equipment. By this means, the 

20 inter-component connections can be tested, as can areas of 
logic on the circuit board. 

Ail JTAG operations are performed via the Test Access 
Port (TAP), which consists of five pins. The trst (Test 
Reset) pin resets the JTAG circuitry, to ensure that the 

2 5 device doesn't power-up in test mode. The tck (Test Clock) 
pin is used to clock serial test patterns into the tdi 
(Test Data Input) pin, and out of the tdo (Test Data 
Output) pin. Lastly, the operational mode of the JTAG 
circuitry is set by clocking the appropriate sequence of 

30 bits into the tms (Test Mode Select) pin. 

The JTAG standard is extensible to provide for 
additional features at the discretion of the chip 
manufacturer. On the Spatial Decoder and Temporal Decoder, 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions allow a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For example, 
5 all device outputs may be made to float by a simple JTAG 
sequence . 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes. - 
10 A. 8.1 Connection of JTAO pins in non-JTAG systems 



Signal 


0* recti on 


Description 


trsi 


Input 


This pm has an internal puif-up, but must ce taken 
low at power-up even if the JTAG fearures are not 
being used. This may be acn«eved by ccnnecong 
trst in common with the chip reset pm reset 




inpgl 


These p»ns have internal puii-uos. arc .T\ay pe left 
disconnected if the JTAG circuitry rs rot being used f 


xm% 


tek 


Input 


This p»n does not have a ouil-up, ane sncma be tied 
to ground if the JTAG circuitry is not used. 


tdo 


CuDUl 


Htgn impedance except during JTAG scan i 

1 

operations, tf JTAG is not being used, rus pm may ! 

1 

be (eft disconnected. [ 



Tabls A. 8.1 How to connect JTAG inputs 
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A. 8. 2— Level of Conformance to IEEE 1149.1 
A.S.2.1 Rules 

All rules are adhered to, although the following should 
be noted: 



Rules 


Oescnpttcn 


3.1.1(D) 


The trst ptn is provided. 


3.5.1(b) 


Guaranteed for ail puoJie instructions (sea i££H n-i^.t 
5.2.1(c)). 


5.2. t(c) 


Guaranteed for ail puoitc mstrueoons. For some private 
insoTjcaons. the TOO pin may p 4 aeove during any of tMe 
states Caoture-OR, S«u-Dft. 6»t-2.0R & Pause-OR. 


5.3.1(a) 


Power on- reset is achieved by use of the trst ptn. j 


6JU{t,0 


A code for trie 9 YPASS insrucaon is loaded in me Test-Lose- j 
Resei s;a;e 


7.1.1(d) 


Un-aiiocated instruction codes are equivalent :o 5YPASS. 




There <s no device 10 register. 1 



Table A. 8 . 2 JTAG Rules 
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Description 


7 8.1(b) 


Stngfe-steo coerauon requires external ccnvsi oi Tt system 1 
CiOCH. 


7 9 U „) 


There ts no RUNStST faculty. 


7 n.i(.„) 


There is no iCCOOS instruction 


7.i2.i{„.) 


There is no USeRCQCc instruction. 


3.1.1(b) 


There >s no device identification regtsier. , 


3.2. uC, 


Guarantees tor alt ouctic mscrucuons. The accarer.t 'ength oi 
the path from tdi to tdo may change under certain 

f 

circumstances while private instruction eeees are loaded. 


3.3.1(2*0 


Guaranteed for all pubfie irstrucaons, Oata may oe ioaoed at 
times other man on the rising etfge cf tck wnde rnvate 
instructions codes are loaded. 




During i NTH 5 7. tne system ciocK pm must be ccnrcrted j 
externally. I 


10 S.-stO 


Ounng iNTsST, ouout ptns are controlled by data s.mfted m via . 

tdi. j 



Table A. 8. 2 JTAG Rules 
A . 8 • 2 • 2 Recommendations 



Recommendation 


Oescnptton | 




tcit ts a htgn-tmoedance CMOS input. | 


3.3.1(c) 


tms has a high impedance pu(J-up. f 


3.6.1(d) 


{Aopiies to use of chip). j 


3.7.1(a) 


(Appues to use ot chip). | 


6.1 He) 


The SAWPL£/PR£LOAD instruction code is ;cacec during t 
Capture^R. S 


7-2. HO 


The JNTE57 instruction ts supported. j 


7.7.1(g) 


Zeros are loaded at system output pins during EXTSST j 


7.7.2(h) 


All systam outputs may be set hign-impedance. j 


73.1(f) 


Zeros are Joaded at system input p»ns during (NTSST. 


8.1 i(d.e» 


Oesign-soeoftc :est data registers are not puoticty accessible. ' 



Tabfe A.8.3 Recommendations met 
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Recommendation 


Oesenption 


10.4.1(0 


Dunne, EXTEST, the signal dnven into ft* orvchip iogc from 
the system etocfc pin is that suppled ertemairy. 



Table A. 8. 4 Recommendations not implemented 
A* 8 * 2 . 3 Permissions 



Permtssions 


Descrrption 


3.2.KO 


Guaranteed for alt public instructions. 


5 : i(0 


The instrucson register is not used to capture des^n-seecrfc 
information. I 


7.2.1(5) 


Several aedtttonai public instructions are proviceo. > 


7.3.1(a) 


Several onvate instruction codes are allocated. i 


7.3.1(C) 


(Rule?) Such insffucecns coda* are documented. 


7 4.1(0 


Additional codes perform idenocaiiy to BYPASS . ! 


icn.t(i) 


£ach output pm has its own 3-state control. j 




A parallel latch ts provxjetj. ■ 


10.3.t(i.j) 


Ounnq £XT£ST, input pins are controlled by cat* snifted m vra 

«... > 


lO.S.i(d.e) 


3*staie cells a/e not foreee inactive tn the Test-Loejic-^eset j 

i 



Table A. 8* 5 Permissions met 
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SECTION A.9 Spatial Decoder 

■ 3 0 MH, operation 
-Decodes MPEG, JPEG & H.261 
•Coded data rates to 25 Mb/s 

" 5 -Video data rates to 21 MB/s 

• Flexible chroma sampling formats 

• Full JPEG baseline decoding 
•Glue-less DRAM interface 

• Single ~5V supply 

10 • 203 pin PQFP package 

■Max. power dissipation 2.5W 

■ Independent coded data and decoder clocks 
- Uses standard page mode DRAM 

The Spatial Decoder is a configurable VLSI decoder chip 

15 for use in a variety of JPEG , MPEG and H.261 picture and 
video decoding applications. 

In a minimum configuration, with no off-chip DRAM, the 
Spatial Decoder is a single chip, high speed JPEG decoder. 
Adding DRAM allows the Spatial Decoder to decode JPEG 

20 encoded video pictures. 720x480, 30Hz, 4:2:2 "JPEG video" 
can be decoded in real-time. 

With the Temporal Decoder Temporal Decoder the Spatial 
Decoder can be used to decode H.261 and MPEG (as well as 
JPEG). 704x480, 30Hz, 4:2:0 MPEG video can be decoded. 

25 Again, the above values are merely illustrative, by way 

of example and not necessarily by way of limitation, of 
typical values for one embodiment in accordance with the 
present invention. Accordingly, those of ordinary skill in 
the art will appreciate that other values and/or ranges may 

30 be used. 



Ci3o 


£nR_~5T_MBA_SKiP 

During MPEG ooeranon, a maeroetoex ftas 5e«n encountered ""t^ * macro oiock 1 

i 

address ereatef fftan tnat exoected. Thi$ js i<*e*y to trdtcaie an error m tf*e coded da:a ' 


0x99 

«. 


ERR SfCTURE £NO UNEXPECTED ! 

1 

During MPEG operation, a P!CTUR£_£:ND Token ftas see* encountered m an j 
unexpected Dtace. This is likely to indicate an error in coded da*a | 


1 OxEO . CxEr 

1 


errors reserved for internal test programs 


Ox£C 


SRR.TST.PROGRAM 

Mystertousiy arrived in the test program 


Cx£1 


SRR_nO_PROGRAM 

if tne test procram is not compiled in 


0x£2 


cRR.TST.SNO 1 

s 

£r*d Of Test ! 


OxPO ... Oxfr 


[ Reserved errors j 


OxfQ 


ERR.UCOOE.ADOR j 
fell off the end of me world j 


QxFt 


SRR.NOTjMPUEMEfVTED j 

j 



Tabie A.I 4.1 2 Parser error codes (Sheet 5 of 5) 
Each standard uses a different sub-set of the defined 
Parser error codes. 



Token Name 


MP^G j 


JP5G 


H.2S1 j 


ERR.nO.ERROR 


' ! 


/ 


' \ 


ERR.EXTENSION.TOKEN 


' \ 




I 


ERR.EXTENSION.OATA 


/ 


' I I 


ERR.USERJTOKEN 


/ 




ERR.USSR.OATA 






! ! 


ERR„P5PARE 


I i - i 


SRRJ3SPARE 


! 






£RR_PTYP£ 






j ERR.JPEG.PRAME 




/ i ! 


ERR.JP EG _PRAM£ .LAST 


I ' ! 


ERR.JPSG.SCAN 




' I 



Tabie A.14.13 Parser error codes and the different standards 
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Sign*/ Name 


I/O 




Pin Numoer 




OecoOer_ciock 


1 


177 




The mam cecocer ctoc*. See secoon 
A.7 


f«et 


1 


160 


Reset. 



Table A.9.1 Spatial Decoder signals (contd) 



Stgnai Name 




Pin Num. 


Oeseriptron 


tphOith 


i 


122 


U override * 1 men tphQish and tpniisft are 
inputs (or the on<hip two phase clock. 

For normal operaflon set override ■ 0. 
tphOtsn and tpn 1 ish are ignored (so connect 
(o GHD or v 00 ). 


tphlish 


I 


123 


override 


t 


110 


chtptest 


I 


111 


Set chip test » 0 for norma) operation. 


ttoop 


l 


1U 


Connect to GND or V 00 dumc, normal 
operaoon. 


ramtest 


l 


109 


If ramie* i ■ i test of the on-chip Hams •& 
enaWed. 

Se( ram test « C for norma* operation. 


pitsetect 


( 


178 


ff plfseiect * 0 v\t on-chip pnase locked 
foops are disabled. 

Set pflseiect * 1 for normal operation. 


ti 




160 


Two docks fequwed ay r*e OP.AM interlace 
during test opera Don. 

Conn«t to GNO or V 30 cuing normal 
operaoen. 


tq 


l 


179 


Pdoct 


o 


207 


Thtsc (wo pwts are connections for an 
external fitter for tne phase fock loop. 


Pdin 


i 


206 



Tabte A.9.2 Spatial Decoder Test signals 




Tatote A.9.3 Spatial Decoder Pin Assignments 



5 "Si* 




— ■ . f 70 



299 







« 




fteg<st«r nam* 


s 

1 




Cescnption 




CO 


« 












resurtjmerva* 


s 




This register is ioaced wn«n cecoorg jP£G data witn a va>ue *re.ca;;r.5 r« 








minrmum start*uo daiay oefcre cecocmg shoute s;an. 








5 

See tn« MPHG stanoa/d tor a deftr.iucn of thus value. 



Table A. 14* 4 Other video Demux registers (ccntd) 



regtsttr 


Token 


standard 


comment 


componant.namt.n 


COMPONENT.NAME 


JPEG | tn coded 3a ra 


MP£G 


not used in siancarc 


M.26t 


nofix.pets 
vert^ei* 


H0RI20NTAL.S12E 
VERT1CAL.SI2E 


MPEG 


m cccec caca. 


JPEG 


M.25t 


automatical cenveo frcm jicrjr* 
ryoe. ' 


horiz.macrodtocks 
vtrt_macfoOloc*j 


HOR120NTAL.MBS 
VERT1CAL.MBS 


MPHG 


comrci sofrware must cenv« from ; 
nonzcniai and vemcai scJure s;z» 


JPEG 


K2St 


automatically defied frzrr: picture j 
rype. ! 


max.n 

i 


OEFINE_MAX_SAMPLJNG 


MPSG 


control sotrwa/e mus: rcT/ig^re. 
Samptmg structure :s S*ed ty 
Stan card 


JPEG 


m cooec caia. 


M.2S1 


automa;:caity canfigvec 'v ■* 2.2 
video 



Table A. 14.5 Register to Token cross reference 
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cannoVbA ensured unless all the V l)U and GND pins are 
correctly used. 

A * 9 . 1 . 3 Test pin connections for normal operation 

nine pins on the Spatial Decoder are reserved for 
internal test use. 



! Pin numtMf 

I 


Connection 


i 

1 


Connect to GNO for norrml oo«ration 


i 


Connect to v 90 iot normal coerauon 




Le«v« Ooen C«ruit tor rr.ermai oc€fattcn 



Table A. 9. 4 Default test pin connections 



A* 9. 1.4 JTAG pins for normal operation 

See section A. 3.1. 
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A. 9 . 2 *-Sfatial Decoder memory map 



j Addr. (h«x) 


R«g«i*Nam« I S e« caD<« 


0x00 ... 0x03 


fnt«rmpt Mtvica */«a 


A.9.S 


0x04 ... 0x07 


Inout circuit registers 


A.9.7 


0x06 ... OxOF 


Stirt cod* detector rec&trs 




0x10... 0x15 


Bufl«fstirt-«D control f«9tst«fs I A 9 B 


0x16... 0x17 


Nottsod j 


0x18... 0x23 


ORAM «t*rftei conflguntfon rt&ttrz I A , 9 .o 


0x24 ... 0x26 


Sufl«fm»viac^faa»ssindk«yftoitf* 9 isters ) A.9.tC 


| 0x27 


Mot US«d 


0x26 ... 0x2P 


Huffmin docodor f •gtsttrs j A913 


0x30 ... 0x39 




0x3A ... 0x36 


Not used 




0x3C 


Hcsonfod 




0x30 ... 0x3F 


Not usod j 


0x40 ... 0x7F 


T«st registers | 



A.9.5 Overview of Spatial Decoder memory 
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A. 12 ,2*- »P£G video buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
5_ to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
10 data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG , therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
15 can readily be converted to a bit count. This is the basis 
on which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12. 3 Definition of a stream 

In this application, the term stream is used to avoid 
20 confusion with the MPEG term sequence. Stream therefore 

means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or it could be a single picture. 

The decoder start-up facilities described in this 
2 5 chapter relate to meeting the VBV requirements of the first 
picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 



AdCr. 
fhf*) 


Srt 
num. 


R«gt$ter Namt 


Page references 


0x03 


7 






€ 


idct_too.miny.ma**c 






5 








4 


targ«tjr*tt_ma*k 






3 


counttf.flu«h«d_too_Mrty_m«si( 






2 


counur Jlu*h«ti_mask 






1 








0 





Table A. 9. 6 interrupt service area registers (contd) 
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C: 
*0 

M 

M 
M 

fit 

m 
w 

Q 

u, 

m 
o 




CzC8 


7:1 


not used ~ 


I 




0 


*tart_eo4«_d«*c2or_«cc*ss " 
*too Jnput_e*rrttit_icc«s 
C£0_SO?_4CC£5S 




0x09 


7:4 


no( UMd CED_SCD_CO*rmOL j 




3 


*top.«ft*r_pictw« J 




2 






t 






0 




OxOA 


74 


noi us** CE0_ SCO. S7V4 7US I 




4 






3 






2:0 | 


start _cod«_*e«rcft | 





Tab* A.S.7 Start code detector and input 



circuit registers 
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AdOr. 
(n«x) 


B<t 
num. 


Register Name 


Pagt reftftnees 


0x06 


7:0 


Test register length .count 




OxOC 


7:0 


OxOO 


72 


not usctf 




1:0 


start _cod«_detectaf_codirig_4tanaafd 




OrOE 


7:0 


stan_v»(u« 




CxO? 


7:4 


not used 




3:0 


picturt.numtMr 




Table A.9.7 Start code detector and input circuit registers (contd) 


ACCr. 
(hex) 


3tt 
num. 


Regtsie/ Name 


Page f«l«ftnc«s 


CxtO 


7:1 


not used 




0 


startup,aee«sa CED^BS.ACCESS 




Oxtl 


7:3 


not used 




2:0 


bit _count_pr*«ce*« CEO.eS.Pfl£SC4t£ 




0x12 


7:0 


bit.eount.target CED_BS_ TARGET 




0xt3 


70 


bit.count CED„BS_COUNT 






7-1 


not used 




0 


ottenip.queu* CSD^BS^QUSUS 




CzlS 


7-1 


not used 




0 


en*»e.s:re*m C£D_BS_ ENA8L£_ NXT_ S TM 





TaWe A.9,8 Buffer start-up registers 



(h€Xj 


6>t 
num. 


flegtster Name 


Pag« re(«f«nces 


0x18 


7:5 


notuse4 






4:0 






0xt9 


7 4 


not used 






3.0 


r«ad_cyc*« J*ngtfi 




OxiA 


7:4 


not used 






3:0 


wnt«_eye*#_*«ngtn 





Table A.9.9 ORAM interface configuration registers 
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M 

M 
S! 

m 
© 
w 

I* 

CI 

© 

CI 




1 L * J "^-rU^RSS.COHFIG j 




o 
& 

Nl 

HI 
M 

m 

® 

UA 

CI 

m 
o 




TaWe A.9.11 Buffer manager extend 



address space 
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(*ex) 


num. 


Register Na/t»e 


! 

Page references 


0x20 


710 


not used | 


0x2t 


7:0 


Puffer Jimit 




0x22 


7,-0 






0x23 


7:0 






0x24 


7:4 


not used 






3 


edojuii 






2 


cdb .empty 






1 








0 


it^tmpty 





Tabie A.9.11 Buffer manager extended address space (contd) 



Addr. 
(Hex) 


Sit 
num. 


Register Nam* 


Page references 


0X28 


7 


demux.access C£O^H_CTRL{7] 




6:4 


huttm*n_#fTor_cod<2:0] C£0_W_C7H£/5;4/ 


[ 


3:0 


private huff man control ofts [3] seteett special 
C8P, [2{ selects 478 pit fixed length CSP 




0x23 


7:0 


persef.enor.eode CSD^H_OMUX_EPR 




0x2A 


7:4 


not used 


3.-0 


Oemux.keyftofe.addfess 




0X2S 


7:0 


0X2C 


7.-0 


demux _taeyt»ole_dati C£D. H^KEYHOLE 




0x20 


7 


dummyjftst_pteture CED_h^alu„REGQ, 




6 


field Jnio C£D_W_*lt/_fl£G0, /_tfe/tf_*n/o_o/r 




5:1 


not used 




0 


continue C£Q„H_ALU_REGQ. r^cononue^&t 




Qx2E 


7:0 


rom.fweion CEO_H_ALU_REG t 




0x2F 


7:0 


private register 





Table A.9.12 Video demux registers 
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m 

o 
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Addr. 
(hex) 


Bit 
num 


Register Name 


Page references 


0x00 
0.0F 


7:0 


not used 




0x10 


7:0 


horiz_pels r_horiz_pefs 


124,133 


0x11 


7:0 






0x12 


7:0 


vert j)els r_yert_pels 


194 1^^ 


0x13 


7:0 






0x14 


7:2 


not used 






1:0 


buffer_sizer_buffer_size 


127 


0x15 


7:0 






0x16 


7:4 


not used 






3:0 


pel_aspect r_pel_aspect 




0x17 


7:2 


not used 






1:0 


bit_rate r_bit_rate 


127 


0x18 


7:0 






0x19 


7:0 






0x1 A 


7:4 


not used 






3:0 


pic_rate r j)ic_rate 


127 


0x1 B 


7:1 


not used 






0.00 


constrained r_constrained 


127 


0x1 C 


7:0 


picturejype 


127 


0x1 D 


7:0 


h261_pic_type 


127 



Table A.9.13 Video demux extended address space (Sheet 1 of 8) 
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Addr. 


Dll 

num 


Register Name 


Page references 


0X1 E 


7:2 


not used 




1 n 


broken closed 


127 


0x1 F 


7:5 


not used 






preaiciion mode 


127 


0x20 
0x21 


7:0 
7:0 


vbv_delay 


127 


0x22 


7:0 


private register MPEG fulLpel__fwd, JPEG 
pending__frame_change 




0x23 


7:0 


private register MPEG full pel bwd, JPEG 
restartjndex 




0x24 


7 


:0 


private register horiz mb copy 






7 


:0 


pic_number 


127 


Hv9R 
UXzlD 


7 


:1 


not used 






1 


:0 


max h 


124, 133 




7 


:1 


not used 




1 


0 


max v 


124, 133 


0x28 


7 


0 


private register scratchl 




0y9Q 


7: 


0 


private register scratch2 






7: 


0 


private register scratch3 




UX^D 


7: 


0 


nf MPEG unused 1 t H261 ingob 


124 




7: 


0 


private register MPEG first_group, JPEG first- 
scan 




ux^u 


7:0 


private register MPEG in picture 






7 


dummyjast_picture r rom control 


122 




6 


neia mro 


122 




5:1 


not usee 






0.00 


oonunue 


122 


Dy9F 


7:0 


rom revision 


122 


0x30 


7:2 


not used 






1:0 


dc huff 0 


126 


UXol 


7:2 


not used 






1:0 


dc huff 1 


126 


0x32 


7:2 


not used 






1:0 


dc_huff_2 


126 



Table A.9.13 Video demux extneded address space (Sheet 2 of 8) 



Addr. 
(hex) 



Bit 
num 
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Register Name 



Page references 



0x33 



0x34 



7-2 



1:0 



7:2 



not used 



dc huff 3 



126 



not used 



0x35 



1:0 



ac huff 0 



126 



7:2 



not used 



1:0 



ac huff 1 



126 



0x36 



0x37 



7:2 



not used 



1:0 



ac huff 2 



126 



7:2 



not used 



1:0 



ac huff 3 



126 



0x38 



0x39 



0x3A 



0x3B 



0x3C 



0x3D 



0x3E 



0x3F 



0x40 
0x63 



0x40 



0x41 



0x42 



0x43 



0x44 



0x45 



0x46 



0x47 



0x48 
0x4F 



7:2 



not used 



1:0 



tq_0 r_tq_0 



124 



7:2 



not used 



1:0 



tq,1 rjq 1 



124 



7:2 



not used 



1:0 



tq_2 r_tq__2 



7:2 



124 



not used 



1:0 



tq_3 rjq_3 



124 



7:0 



component name 0 r c 0 



124 



7:0 



component_name 1 r c 1 



124 



7:0 
7:0 



name 2 r c 2 



124 



component name 3 r c 3 



124 



7:0 



private registers 



7:0 



r _dc_pred_0 



7:0 



7:0 



r_dc_pred_1 



7:0 



7:0 



r_dc_pred_2 



7:0 



7:0 



L_dc_pred_3 



7:0 



7:0 



not used 



Tab,e A.9.13 Video demux extended address space ( Sheet 3 of 



8) 
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Addr. 
(hex) 


Bit 
num 


Register Name 


Page references 


0x50 


7:0 


r prev mhf 




0x51 


7:0 




0x52 


7:0 


r_prev_mvf 




0x53 


7:0 




0x54 


7:0 


r_prev_mhb 




0x55 


7:0 




0x56 


7:0 


r_prev_mvb 




0x57 


7:0 




0x58 


7:0 


not used 




0x60 


7:0 


rJioriz_jnbcnt 




0x61 


7:0 






0x62 


7:0 


r_vert_mbcnt 




0x63 


7:0 




0x64 


7:0 


hortz_macroblocks r_horiz_nribs 




0x65 


7:0 




0x66 


7:0 


vert macroblocks r vert mbs 




0x67 


7:0 




0x68 


7:0 


private register r_restart_cnt 




0x69 


7:0 




0x6A 


7:0 


restart J nterval r_start_Jnt 




0x6B 


7:0 




0x6C 


7:0 


private register r_blk_h_cnt 




0x6D 


7:0 


private register r_blkj/-cnt 




0x6E 


7:0 


private register r_compid 




0x6F 


7:0 


max_componentJd r_max_compid 




0x70 


7:0 


coding_standard r_coding_std 




0x71 


7:0 


private register r__pattern 




0x72 


7:0 


private register r_fwd_r_size 




0x73 


7:0 


private register r_bwd_r_size 




0x74 
0x77 


7:0 


not used 




0x78 


7.2 


not used 




1:0 


blocks_h_0 r_blk_h_0 




Table A.9.13 Video demux extended address space 


Sheet 4 of 8) 
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Addr. 
(hex) 


Bit 
num 


Register Name 


Page references 


0x79 


7:2 


not used 






1:0 


blocks Ji_1 r_blk_h_1 




0x7A 


7:2 


not used 






1:0 


blocks_h_2 r_blk_h_2 




0x7B 


7:2 


not used 






1:0 


blocks_h_3 r_blk_h_3 




0x7C 


7:2 


not used 






1:0 


blocks_v_Q r_blk__v_0 




0x7D 


7:2 


not used 






1:0 


blocks_v_1 r_blk_v_1 




0x7E 


7:2 


not used 






1:0 


biocks_v_2 r_blk_v_2 




0x7F 


7:2 


not used 






1:0 


blocks_v_3 r_blk_v_3 




0x7F 


7:0 


not used 




0x100 


7:0 


dc_bits_0[15:0] CED_H_KEYJDC_CPB0 




0x110 


7:0 


dc_bits_1[15:0] CED_H_KEY_DC_CPB1 




0x120 


7:0 


not used 




0x140 


7:0 


ac_bits_0[15:0] CEDJH_KEY_AC_CPB0 




0x150 
0x1 5F 


7:0 


ac bits 1 T1 5 01 OFD H KFY AC PPR1 




0x160 


7:0 


not used 




0x17F 








0x180 


7:0 


dc zssss 0 CED H KEY ZSSSS INDFXO 




0x181 


7:0 


dc_zssss_J CED_HJ<EY_ZSSSJNDEX1 




0x182 


7:0 


not used 




0x187 








0x188 


7:0 


ac_eob_0 CED_H_KEY_EOBJNDEX0 





Table A.9.13 Video demux extended address space ( Sheet 5 of 8) 
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CI 

« 

M 

Si 
M 
fll 
CO 

m 

G 
hi, 
SI 
S3 




address space (Sheet 6 of 8) 
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o 

M 

M 
M 

ni 
® 

O 

C§ 
CI 




ux extended address space 



(Sheet 7 of 8) 
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Addr, 
~ (hex) 


3ft 
num. 


Regsief Name j ?age r«f«rences 

j 


OxAC 
3 


7:0 


CcO <£Y OMX WQRO 8 » 

i 

! 
1 


OxAC 
9 


7:0 


CED_K£Y_CMX_WOfiO_9 


i 


OxAC 
A 

OxAC 
S 


7:0 


not used 




OxAC 
C 


7:0 


CcD.KHV.OMX.AtNCR 




OxAC 
0 


7:0 




OxAC 
' E 


7:0 


CEO.KEY.OMX.CC 




OxAC 
F 


7:0 


! 1 

i ! 

1 1 


Tabie A.9.13 Video demux extended address space (Sheet 3 of 8) 


Acdr. 
<ne*j 


Bet 
num. 


Register N*me 


Page references 




7:t 


not used | 


0x30 


7:1 


not used J 


0 


iq_*cc«j | 


0x31 


75 


not used 


1 


1:0 


iq^coding.sanderc | 


0x02 


7:5 


not used 




4:0 


test regater iq.seaie 




0x33 


12 


not used [ 


1.-0 


rest register iq_ component j j 


0x34 


72 


not used 


1:0 


test register <nv<fse_qu»nttsef_^r*drc:ion_mooe 


i 


0x35 


7:0 


test fegater ipesJndirection 


" i 

i 


Table A.9.14 inverse quantiser registers 
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Aodr. 
(hex) 


3 it 
num. 


Register Name 


P»;e '*f«re-ees ( 

1 


0x36 


72 


not used 


; 




1:0 


test register mpeg_indirtction 


! 


0x37 


7:0 


not used | j 


0x38 


7:0 




1 

i 


0x39 


7:0 


lq_USi«.K*Ytioi«.8au 


! 



Table A. 9. 14 Inverse quantizer registers (contd) 



AdCf. 

(hex) 


Webster Na/ra 


i ; 

Pa;* '*/erercss j 


OxOO:0*3F 


JPEG inverse Quantisation taste 0 
MPEG default intra tawe 


1 

! 
i 


Ox40:Ox7F 


JPEG inverse quamisancn table i 
MPEG default notvmtra table 


1 

! 

i 


0x30:0x9? 


JPEG inverse suannsaaon taote 2 
MPEG down-toaded tnra table 


j 
i 


OxCO.OxFF 


JPEG inverse Quantisation table 3 
MPEG oown-toaded norwntra table 


i 

I 



Table A. 9. 15 Iq table extended address space 
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SECTION A. 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
5 existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector. 

Consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 
• The coded data input port 
10 -The microprocessor interface (MPI) 

The choice over which route (s) to use will depend upon 
the application and system environment. For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
15 do the system bitstream de-multiplexing. In this case, it 
may be possible to do the coded data input via the MPI . 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
2 0 mixture of MPI and coded data port input. 



A. 10.*- The coded data port 
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SignaJ Name 


input/ 

Output 


Description 


coded.ctoe* 


Input 


A ctocK operating at up to 30 MHz controlling re 
operation of the input circuit. 




Input 


Tne standard 11 wtres required lo implement a 
Token Pon transfemng 8 bit data values. See sec tan 
A.4 rpr an eieetncai descnpaon of ;n»s 
interface. 

Circuits off-chip must package re coced da:a iria 
Tokens. 


coded.ertn ( input 


coded.vaOd 


input 


coded.aceept 


Output 


pyte.moae 


input 


When nigh ffu* signet indicates that information :s ;o 
pe transferred across tne coded data port m *y-« 
mode rather than Token mode. 



Table A. 10*1 Coded data port signals 
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Thaa-caded data port in accordance with the present 
invention, can be operated in two modes: Token node and 
byte mode. 

A. 10.1. I Token mode 

In the present invention, if byte_mode is low, then the 
coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valid and 
c6ded_accept . See section A. 4 for details of the 
electrical operation of this interface. 

The signal byte_mode is sampled at the same time as data 
f7;0>, coded_extn and coded_valid, i.e., on the rising edge 
of coded_clock. 
A« 10 • l • 2 Byte mode 

If, however, byte_node is high, then a byte of data is 
transferred on data[7:0} under the control of the two wire 
interface control signals coded_valid and coded_accept . In 
this case, coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input mode is changed. 

1) First word ("Head") of Token supplied in token mode. 
2} Last word of Token supplied (coded_extn goes low). 
3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip. 

A. 10 ,2 Supplying data via the KPI 

25 Tokens can be supplied to the Spatial decoder via the 

MPI by accessing the coded data input registers. 
A. 10. 2.1 Writing Tofcens via the MPI 

The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 
30 efficient data transfer* The 8 data bits, coded_data ; 7 : 0 ; , 
are in one location and the control registers, coded_busy, 
enable_mpi_input and coded_extn are in a second location. 




10 



15 
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(See Table A.9.7). 

When configured for Token input via the MPI, the current 
Token is extended with the current value of coded_extn each time a 
5 value is written into coded_data[7:0]. Software is responsible for 
setting coded_extn to 0 before the last word of any Token is written to 
coded_data[7:0]. 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data[7:0]. The start of this new 
10 DATA Token then passes into the Spatial Decoder for processing. 

Each time a new 8 bit value is written to coded_data[7:0], the 
current Token is extended. Coded_extn need only be accessed again 
when terminating the current Token, e.g. to introduce another Token. 
The last word of the current Token is indicated by writing 0 to 
15 coded_extn followed by writing the last word of the current Token into 
coded_data[7:0]. 



Register name 


Size\Di 
r. 


Reset 
State 


Description 


coded_extn 


1 

rw 


X 


Tokens can be supplied to the Spatial Decoder 
via the MPI by writing to these registers 


coded_data[7 0] 


8 
w 


X 




coded_busy 


1 
r 


1 


The state of this registers indicates if the Spatial 
Decoder is able to accept Tokens written into 
coded_data [7:0] 

The value 1 indicates that the interface is busy and 
unable to accept data Behaviour is undefined if the 
user tries to write to coded_data [7 0] when 
coded_busy = 1 . 


enable_mpi-input 


1 

rw 


0 


The value in this function enable registers 
controls whether coded data input to the Spatial 
Decoder is via the coded data port (0) or via the MPI 



Table A.10.2 Coded data input registers 
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Each time before writing to coded_data[7:0], coded__busy should be 
inspected to see if the interface is ready to accept more data. 

A.10.3 Switching between input modes 

Provided suitable precautions are observed, it is possible to 
dynamically change the data input mode. In general, the transfer of a Token 
via any one route should be completed before switching modes. 



Previous Mode 


Next Mode 


Behaviour 


Byte 


Token 


The on-chip circuitry will use the last byte supplied in 
byte mode as the last byte of the DATA Token that it 
was constructing (t e the extn btt will be set to 0). 
Before accepting the next token 


MPI input 



Table A.10.3 Switching data input modes 
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Previous Mode 


Next Mode 


Behaviour 


Token 


Byte 


The off-chip circuitry supplying the Token in Token 
mode is responsible for completing the Token (i e with 
the extn bit of the last byte of information set to 0) 
before selecting byte mode 


MPI tnput 


Access to mput via the MPI will not be granted (i e 
coded_busy will remain set to 1) until the off-chip 
circuitry supplying the Token in Token mode has 
completed the Token (i.e. with the extn bit of the last 
byte of information set to 0). 


MPI input 


Byte 

MPI tnput 


The control software must have completed the Token 
(i e with the extn bit of the last byte of information set to 
0) before enabie_mpi_input is set to 0 



Table A.10.3 Switching data input modes (contd) 



The first byte supplied in byte mode causes a DATA Token 
header to be generated on-chip. Any further bytes transferred in 
byte mode are thereafter appended to this DATA Token until the 
5 input mode changes. Recall, DATA Tokens can contain as many 
bits as are necessary. 

The MPI register bit, coded busy, and the signal, coded_accept, 
indicate on which interface the Spatial decoder is willing to accept 
data. Correct observation of these signals ensures that no data is 
10 lost. 

A.10.4 Rate of accepting coded data 

In the present invention, the input circuit passes Tokens to the 
Start Code Detector (see section A.1 1). The Start code Detector 
analyses data in the DATA Tokens bit serially. The Detector's 
1 5 normal rate of 
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proceasiag is one bit per clock cycle (of coded_clock) . 
Accordingly, it will typically decode a byte of coded data 
every 8 cycles of coded^clock. However, extra processing 
cycles are occasionally required, e.g., when a non-DATA 
5 Token is supplied or when a start code is encountered in 
the coded data. When such an event occurs, the Start Code 
Detector will, for a short time, be unable to accept more 
information . 

After the Start Code Detector, data passes into a first 
10 logical coded data buffer. If this buffer fills, then the 
Start Code Detector will be unable to accept more 
information . 

Consequently, no more coded data (or other Tokens) will 
be accepted on either the coded data port, or via the MPI, 

15 while the Start Code Detector is unable to accept more 

information. This will be indicated by the state of the 
signal coded_accept and the register coded busy. 

By using coded_accept and/ or coded_busy , the user is 
guaranteed that no Coded information will be lost. 

20 However, as will be appreciated by one of ordinary skill in 
the art, the system must either be able to buffer newly 
arriving coded bata (or stop new data for arriving) if the 
Spatial decoder is unable to accept data. 
A. 10*5 Coded data clock 

2 5 In accordance with the present invention, the coded data 

port, the input circuit and other functions in the Spatial 
Decoder are controlled by coded_clock. Furthermore, this 
clock can be asynchronous to the main decoder_clock. Data 
transfer is synchronized to decoder_clock on-chip. 
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SECTION A.11 Start code detector 

A.1 1.1 Start codes 

As is well known in the art, MPEG and H.261 coded video 
streams contain identifiable bit patterns called start codes. A 
similar function is served in JPEG by marker codes. 
Start/marker codes identify significant parts of the syntax of the 
coded data stream. The analysis of start/marker codes 
performed by the Start Code Detector is the first stage in parsing 
the coded data. The Start Code Detector is the first block on the 
Spatial Decoder following the input circuit. 

The start/marker code patterns are designed so that they 
can be identified without decoding the entire bitstream. Thus, 
they can be used in accordance with the present invention, to 
help with error recovery and decoder start-up. The Start Code 
Detector provides facilities to detect errors in the coded data 
construction and to assist the start-up of the decoder. 

A.1 1 .2 Start code detector registers 

As previously discussed, many of the Start Code Detector 
registers are in constant use by the Start Code Detector. So, 
accessing these registers will be unreliable if the Start Code 
Detector is processing data. The user is responsible for ensuring 
that the Start Code Detector is halted before accessing its 
registers. 

The register start_code_detector_access is used to halt 
the Start Code Detector and so allow access to its registers. 
The Start Code Detector will halt after it generates an interrupt 

There are further constraints on when the start code 
search and discard all data modes can be initiated. These are 
described j n A. 11.8 and A.1 1.5.1. 
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Register name 


Size/Dir. 


Reset State 


Description 


start__code_detector_access 


1 


0 


Writing 1 to this register requests that the start 








code detector stop to allow access to its registers. 




rw 




The user should wait until the value 1 can be read 








from this register indicating that operation has 








stopped and access is possible. 



Table A.11.1 Start code detector 
Registers (Sheet 1 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


illegalJength_count_event 


1 

rw 


0 


An illegal length count event will occur if 
while decoding JPEG data, a length count 
field is found carrying a value less than 2. 
This should only occur as the result of an 
error in the JPEG data. 

If the mask register is set to 1 then an 
interrupt can be generated and the start 
code detector will stop. Behaviour 
following an error is not predictable if this 
error is suppressed (mask register set to 
0). See A. 11.4.1. 


iilegaMength_countjnask 


1 

rw 


0 


jpeg_overlapping_start_event 


1 

rw 


0 


If the coding standard is JPEG and the 
sequence OxFF OxFF is found while 
looking for a marker code this event will 
occur. This sequence is a legal stuffing 
sequence If the mask register is set to 1 
then an interrupt can be generated and the 
start code detector will stop. See 
A.11.4.2. 


jpeg_overlapping_start_mask 


1 

rw 


0 


overlapping_start_event 


1 

rw 


0 


If the coding standard is MPEG or H.261 
and an overlapping start code is found 
while looking for a start code this event will 
occur. If the mask register is set to 1 then 
an interrupt can be generated and the start 
code detector will stop. 

See A. 11. 4.2. 


Overlapping_start_mask 


1 

rw 


0 



Table A.11.1 Start code detector Registers (Sheet 2 of 5) 
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Register Name 


Size/Dir 


Reset 
State 


Description 


unrecognised_start_event 


1 

rw 


0 


If an unrecognised start code is 
encountered this event will occur. If the 
mask register is set to 1 then an interrupt 


unrecognised_start_mask 


1 

rw 


0 


can be generated and the start code 
detector will stop. 

The start code value read from the 
bitstream is available in the register 
start_value while the start code detector 
is halted. See A. 11 4.3 

L^umiy nuHiidi upcidiion sian vatue 
contains the value of the most recently 
decoded start/marker code 

Only the 4 LSBs of start_vaiue are used 
during H.261 operation. The 4 MSBs will 
be zero. 


start_value 


8 
ro 


X 


stop_after_picture_event 


1 

rw 


0 


If the register stop_after_picture is set to 
1 then a stop after picture event will be 
generated after the end of a picture has 
passed through the start code detector. 

If the mask register is set to 1 then an 
interrupt can be generated and the start 
code detector will stop. See A. 11.5.1 
stop_after_picture does not reset to 0 
after the end of a picture has been 
detected so should be cleared directly. 


stop_after_picture__mask 


1 

rw 


0 


stop_after_picture 


1 

rw 


0 



Table A.11.1 Start code detector Registers (Sheet 3 of 5) 
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Register Name 



non_aiigned__start_event 



Q 

a> 

N 

CO 



non_aligned_start_mask 



lgnore_non_aiigned 



discard_extension data 



discard user data 



discard all data 



lnsert_sequence_start 



1 

rw 



1 

rw 



1 

rw 



rw 



1 

rw 



rw 



1 

rw 



CD 

•*-> 

CD 
« 

CO 

{/> 
<1> 
IT 



Description 



When ignore_non_aligned is set to 1, start 
codes that are not byte aligned are ignored 
(treated as normal data) 

When ignore_non_aligned is set to 0, H.261 
and MPEG start codes will be detected 
regardless of byte alignment and the non- 
aligned start event will be generated if the 
mask register is set to 1 then the event will 
cause an interrupt and the start code 
detector will stop. See A. 1 1 .6. 

If the coding standard is configured as 
JPEG ignore_non_aiigned is ignored and 
the non-aligned start event will never be 
generated. 



When these registers are set to 1 extension 
or user data that cannot be decoded by the 
Spatial Decoder is discarded by the start 
code detector. See A.1 1 .3 3. 



When set to 1 all data and Tokens are 
discarded by the start code detector This 
continues until a FLUSH Token is supplied 
or the register is set to 0 directly 

The FLUSH Token that resets this register 
is discarded and not output by the start 
code detector. See A. 1 1 . 5 1 



See A.1 1.7 



Table A.1 1.1 Start code detector Registers (Sheet 4 of 5) 
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Register Name 



N 
CO 



0) 

nj 
-*— • 

CO 

Q) 
CO 
0) 



Description 



start code search 



rw 



start_code_detector_coding_standard 



picture_number 



rw 



4 

rw 



When this register is set to 0 the start 
code detector operates normally. When 
set to a higher value the start code 
detector discards data until the specified 
type of start code is detected. When the 
specified start code is detected the 
register is set to 0 and normal operation 
follows. See A. 11. 8 . i 



This register configures the coding 
standard used by the start code detector. 
The register can be loaded directly or by 
using a CODING_STANDARD Token. 

Whenever the start code detector 
generates a CODING_STANDARD 
Token (see A. 11. 7.4 on page 109) it 
carries its current coding standard 
configuration. This Token will then 
configure the coding standard used by ail 
other parts of the decoder chip-set. See 
A.21.1 on page 180 and A.11.7 



Each time the start coded detector 
detects a picture start code in the data 
stream (or the H.261 or JPEG 
equivalent) a 

Pi CTU R E_STA RT Token is generated 
which carries the current value of 
picture_number. This register then 
increments. 



Table A.11.1 Start code detector Registers (Sheet 5 of 5) 
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_ Table B.1.2 start Code numbers (indices) 


StarvMancerCode 


index ( start _.numoer) 


P.esutnc 7c <e-: 


not_a_start_code 
sequence_start_code 


- Q I- 

1 ) S£CU£NC£,5TAn? 


group_start_code 


^ | GPQU? ST APT 


picture_start_code 


3 


— — — — — — ™_ 


siice_start_code 


4 


SUCc.START 


userjjata_start_code 


s 


USHH.OATA 


extension_start_code 


5 


HXT£ns;c.v_0A7a 


sequence_end_code 


7 1 


SEGUENCE.ENO 


JPEG Markers ' " 


UM i 


8 


OHT 


DOT 


9 j 0G7 


DNL 


to 


CNL 



DRI 



JP£G markers q».a< can De maoped onto tokens for MFSG/H.25I 



SOS 


picture_start_code 


l 

I P1C7UFE.S7A" | 


SOI 


sequence_start_code 


S£CL'£NC£_3"AP- 


Table 8.1.2 


i Start Code numbers (indices) 


Sian/WarKef Cod« 


index (stan.numoer) 


flesumng Token 


EO! 


sequence_end_code 


SEQU£NCE,£NO 


SOFO 


group_start_code 


GROUP_STAR7 


JPEG markers mat generate ertn or user data 




JPG 


extension_starLcode 


EXTENSION.OATA 


JPGn 


e xten sion_start_cod e 


EXTENSION.0A7A 


APPn 


user_data_start_code 


USEH.OATA 


COM 


user_data_start_code 


USE3.0ATA 


NOTE: Alt unrecognised JPEG markers generate an ertn.starL.code index 



B.i.2.9 start number to token conversion (sconvert.sch, 
sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 
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to oth^r -stages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start code 
in the coded data. 
A. ia. 3.1 start cede formats 

Three different start code formats are recognized by the 
Start Code Detector of the present invention. This is 
configured via the register, 
start_code_detector_coding standard. 



10 



15 




Table A. li. 3 start code formats 
A. n. 3. 2 start code Token equivalents 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. m general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11.4. 




T«i,l. A.H.4 Tok . M fro> eod> 

This ToKen contains an . bit data £i . ld which 

loaded with a value deturm^^ w 

aetennmed by the start code 

value . 

indicates start of baseline OCT encoded data. 
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A. 11.^3^ Extended features of tire* coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
^5 be application specific "user data 1 ' that provides extra 

facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 
% 10 Two distinct mechanisms are employed. JPEG precedes 

M blocks of user and extension data with marker codes. 

However, H.261 inserts "extra information" indicated by an 
f|| extra information bit in the coded data. MPEG can use both 

OS these techniques. 

15 In accordance with the present invention, MPEG/JWEG 

hk blocks of user and extension data preceded by start/marker 

codes can be detected by the Start Code Detector. 
h% H.261/MPEG "extra information" is detected by the Huffman 

S decoder of the present invention. See A. 14.7, "Receiving 

r " 20 Extra Information". 

The registers, discard_extension_data and 
discard_user_data, allow the Start Code Detector to be 
configured to discard user data and extension data. If 
this data is not discarded at the Start Code Detector it 
25 can be accessed when it reaches the Video Demux see A. 14.6, 
"Receiving User and Extension data". 

The Spatial Decoder of the present invention supports 
the baseline features of JPEG . The non-baseline features 
of JPEG are viewed as extension data by the Spatial 
20 Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data. 
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A. 11.3 .4 JPIO Table definition* 

JPEG supports down loaded Huffman and quantizer tables. 
In JPEG data, the definition of these tables is preceded by 
the marker codes DNL and DQT. The Start Code Detector 

-5 generates the Tokens DHT_KARKER and DQT_MARKER when these 
marker codes are detected. These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or quantizer table (using the 
formats described in JPEG) . 

10 A. 11.4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A. 11.8, 
"Start code searching") . 

15 A. 11.4.1 Illegal JPEG length count 

Most JPEG marker codes have a 16 bit length count field 
associated with them. This field indicates how much data 
is associated with this marker code. Length counts of 0 
and 1 are illegal. An illegal length should only occur 

2 0 following a data error. In the present invention, this 

will generate an interrupt if illegal_length_count_mask is 
set to l. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 

2 5 of searching for start codes in JPEG data (see A. 11. 8.1). 

A. 11. 4. 2 Overlapping start /marker codes 

In the present invention, overlapping start codes should 
only occur following a data error. An MPEG, byte aligned, 
overlapping start code is illustrated in Figure 64. Here, 

3 0 the Start Code Detector first sees a pattern that looks 

like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 
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generates a overlapping start event. Furthermor e , the 
Start Code Detector will generate an interrupt and stop if 
overlapping_start_mask is set to l. 

It is impossible to tell which of the two start codes is 
the correct one and which was caused by a data error. 
However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code *as if it is 
correct" after the overlapping start- code event has been 
serviced* If there are a series of overlapped start codes, 
the Start Code Detector will discard all but the last 
(generating an event for each overlapping start code) . 

Similar errors are possible in non byte-aligned systems 
(H.261 or possibly MPEG). In this case, the state of 
ignore_non_aligned must also be considered. Figure 65 
illustrates an example where the first start code found is 
byte aligned, but it overlaps a non-aligned start code. If 
ignore_non_aligned is set to 1, then the second overlapping 
start code will be treated as data by the Start Code 
Detector and, therefore no overlapping start code event 
will occur. This conceals a possible data communications 
error. If ignore_non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code. 
X. 11. 4.3 Unrecognised start codes 

The Start Code Detector can generate an interrupt when 
an unrecognized start code is detected (if 
unrecognized_start_mask - 1) . The value of the start code 
that caused this interrupt can be read from the register 
start_value , 

The start code value 0xB4 (sequence error) is used in 
MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 
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to co«;e£t. 

A. 11* 4, 4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
- 5 than one of the above error conditions to occur within a 
short space of time. Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is: 

1) Non-aligned start codes 
% 10 2 ) Over lapping start codes 

SI; 3 ) Unrecognized start codes 

Thus, if a non-aligned start code overlaps another, 
f|| later, start code, the first event generated will be 

C& associated with the non-aligned start code. After this 

^ 15 event has been serviced, the Start Code Detector's 

operation will proceed, detecting the overlapped start code 
a short time later, 
gt. The Start Code Detector only attempts to recognize the 

B start code after all tests for non-aligned and overlapping 

^ 2 0 start codes are complete. 

A. 11* 5 Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 
25 There are limitations on using these techniques with 

JPEG coded video as data segments can contain values that 
emulate marker codes (see A. 11. 8.1). 
A. 11. 5,1 Clean end to decoding 

The Start Code Detector can be configured to generate an 
30 interrupt and stop once the data for the current picture is 
cor.plete. This is done by setting stop_af ter_picture = 1 
and stop_af ter_picture_mask = i. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2), 
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an in*er«upt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded m the normal way. In some applications, however, 
it may be appropriate to detect the FLUSH arriving at the 
5 output of the decoder chip-set as this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the Start Code Detector stops, there may be data 
from the "old" video sequence "trapped" in user implemented 
10 buffers between the media and the decode chips. Setting 
the register, discard_all_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or discard_al l_data is reset via the 
15 microprocessor interface. 

Having discarded any data from the "old" sequence the 
decoder is now ready to start work on a new sequence. 
A. ll. 5.2 When to start discard all mode 

The discard ail mode will start immediately after a 1 is 
20 written into the discard_all_data register. The result 

will be unpredictable if this is done when the Start Code 
Detector is actively processing data. 

Discard all mode can be safely initiated after any of 
the Start Code Detector events (non-aligned start event 
25 etc.) has generated an interrupt. 
A. 11 . 5 . 3 Starting a new sequence 

If it is not known where the start of a new coded video 
sequence is within some coded data, then the start code 
search mechanism can be used. This discards any unwanted 
30 data that precedes the- start of the sequence. See A. 11.3. 
A. li.s. 4 Jumping between sequences 

This section illustrates an application of some of the 
techniques described above. The objective is to "jump" 



from ctre-part of one coded video sequence to another. In 
this example, the filing system only allows access to 
"blocks" of data* This block structure might be derived 
from the sector size of a disc or a block error correction 
system. So, the position of entry and exit points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_af ter_picture and discard_all_data mechanisms 
allow unwanted data from the old video sequence to be 
discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_all_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 
A. 11. 6 Byte alignment 

As is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes in the data stream. 

For example, H.261 views communications as being bit 
serial. Thus, there is no concept of byte alignment of 
start codes. By setting ignore_non_aligned » 0 the Start 
Code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = 0, the 
start code non-alignment interrupt is suppressed. 

In contrast, however, JPEG was designed for a computer 
environment where byte alignment is guaranteed. Therefore, 
marker codes should only be detected when byte aligned. 
When the coding standard is configured as JPEG , the 
register ignore_non_aligned is ignored and the non-aligned 
start event will never be generated. However, setting 
ignore_non_aligned = 1 and non_aligned_start mask = 0 is 
recommended to ensure compatibility with future products. 

MPEG , on the other hand, was designed to meet the needs 
of both communications (bit serial) and computer (byte 
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or ient*dj» systems , Starr codes in MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bit serial searching for start codes 
(no MPEG bit pattern, with any bit alignment, will look 
_ 5 like a start code, unless it is a start code). So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indicate that a communication error has previously 
^ 10 occurred. If the error is a H bit-slip" in a bit-serial 

vg communications system, then data containing this error will 

"'5 have already been passed to the decoder* This error is 

«JS likely to cause other errors within the decoder. However/ 

fll new data arriving at the Start Code Detector can continue 

fi 15 to be decoded after this loss of byte alignment. 

s By setting ignore_non_aiigned = 0 and 

jf; non_aligned_start_mask = l, an interrupt can be generated 

if a non-aligned start code is detected. The response will 

CI! depend upon the application. All subsequent start codes 

20 will be non-aligned (until byte alignment is restored) . 

Accordingly, setting non_aligned_start_mask = 0 after byte 
alignment has been lost may be appropriate. 





MPEG 


JPEG 


H2S1 i 


ignori_ncn - aiignec 


0 


! o 


non_*jign«a_stan_m«* | i 


0 | 


0 ! 



Table A. n. 5 configuring for byte alignment 
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A. 11 .7 Automatic Token generation 

In the present invention, most of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards. In 
5 addition to these "natural" Tokens, some useful "invented" 
Tokens are generated. Examples of these proprietary tokens 
are FICTURE_END and COD INGEST AND ARD. Tokens are also 
introduced to remove some of the syntactic differences 
m% between the coding standards and to "tidy up" under error 

# 10 conditions. 

This automatic Token generation is done after the serial 
analysis of the coded data (see Figure 61, "The Start Code 
[J;f Detector") . Therefore the system responds equally to 

Ql Tokens that have been supplied directly to the input of the 

§ 15 Spatial Decoder via the Start Code Detector and to Tokens 

C that have been generated by the Start Code Detector 

H= following the detection of start codes in the coded data. 

2J A. 11. 7.1 indicating the end of a picture 

iX In general, the coding standards don't explicitly signal 

■2 0 the end of a picture. However, the Start Code Detector of 
the present invention generates a PICTURE_END Token when it 
detects information that indicates that the current picture 
has been completed. 

The Tokens that cause P I CTURE__ END to be generated are: 
25 SEQUENCE_START, GROUP_STAPT , PICTURE_STAJRT , SEQUENCE_END 
and FLUSH. 

A. li. 7.2 Stop after picture end option 

If the register stop_af ter_picture is set, then the 
Start Code Detector will stop after a P I CTUR E_ EN D Token has 
3 0 passed through. However, a FLUSH Token is inserted after 
the PICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11,5.1. 
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A.ll.?T3^ introducing sequence start for H.261 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). If the register 
insert_sequence_start is set, then the Start Code Detector 
. - 5 will ensure that there is one SEQUENCE_START Token before 
the next PICTUREJSTART , i.e., if the Start Code Detector 
does not see a SEQUENCE_START before a PICTURE_START , one 
will be introduced. No SEQUENCE^ START will be introduced 
if one is already present. 
10 This function should not be used with MP£G or JPEG. 

A. 11. 7, A Setting coding standard for each sequence 

All SEQUENCE_START Tokens leaving the Start Code 
Detector are always preceded by a CODING_STANDARD Token. 
This Token is loaded with the Start Code Detector's current 
15 coding standard. This sets the coding standard for the 
entire decoder chip set. for each new video sequence. 
A • 11 • 8 start code searching 

The Start Code Detector in accordance with the 
invention, can be used to search through a coded data 
20 stream for a specified type of start code. This allows the 
decoder to re-commence decoding from a specified level 
within the syntax of some coded data (after discarding any 
data that precedes it) . Applications for this include: 

- start-up of a decoder after jumping into a coded data 
25 file at an unknown position (e.g., random accessing). 

• to seek to a known point in the data to assist recovery 

after a data error. 

For example, Table A. 11.6 shows the MPEG start codes 
searched, for different configurations of 
30 start_code_search . The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11.4. 
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Table A. 11. 6 Start code search modes 

a. A FLUSH Token places the Start Code Detector 
in this search mode. 

b. This is the default mode after reset. 

5 When a non-zero value is written into the 

start_code_search register, the Start Code Detector will 
start to discard all incoming data until the specified 
start code is detected. The start_code_search register 
will then reset to 0 and normal operation will continue. 

10 The start code search will start immediately after a 

non-zero value is written into the start_code_search 
register. The result will be unpredictable if this is done 
when the Start Code Detector is actively processing data. 
So, before initiating a start code search, the Start Code 

15 Detector should be stopped so no data is being processed. 
The Start Code Detector is always in this condition if any 
of the Start Code Detector events (non-aligned start event 
etc.) has ]ust generated an interrupt. 

A« n.8.1 Limitations on using start code search with JPEG 
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Mos£~J*>EG marker codes have a . 1-6 bit length count field 
associated with them. This field indicates the length of a 
data segment associated with the marker code. This segment 
may contain values that emulate marker codes. In normal 
5 operation, the Start Code Detector doesn't look for start 
codes in these segments of data. 

If a random access into some JPEG coded data "lands" in 
such a segment, the start code search mechanism cannot be 
used reliably. In general, JPEG coded video will require 
10 additional external information to identify entry points 
for random access. 
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SECTION A. 12 Decoder start-up control 
A. 12. I Overview of decoder start-up 

In a decoder, video display will normally be delayed a 
short time after coded data is first available. During 
5 this delay, coded data accumulates in the buffers in the 
decoder. This pre-filling of the buffers ensures that the 
buffers never empty during decoding and, this, therefore 
ensures that the decoder is able to decode new pictures at 
regular intervals . 
10 Generally, two facilities are required to correctly 

start-up a decoder. First, there must be a mechanism to 
measure how much data has been provided to the decoder. 
Second, there must be a mechanism to prevent the display of 
a new video stream. The Spatial Decoder of the invention 
15 provides a bit counter near its input to measure how much 
data has arrived and an output gate near its output to 
prevent the start of new video stream being output. 

There are three levels of complexity for the control of 
these facilities: 
20 -Output gate always open 

• Basic control 
- Advanced control 

With the output gate always open, picture output will 
start as soon as possible after coded data starts to arrive 
25 at the decoder. This is appropriate for still picture 

decoding or where display is being delayed by some other 
mechanism. 

The difference between basic and advanced control 
relates to how many short video streams can be accommodated 
30 in the decoder's buffers at any time. Basic control is 
sufficient for most applications. However, advanced 
control allows user software to help the decoder manage the 
start-up of several very short video streams. 
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A. 12 ,2*- »P£G video buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
5_ to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
10 data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG , therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
15 can readily be converted to a bit count. This is the basis 
on which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12. 3 Definition of a stream 

In this application, the term stream is used to avoid 
20 confusion with the MPEG term sequence. Stream therefore 

means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or it could be a single picture. 

The decoder start-up facilities described in this 
2 5 chapter relate to meeting the VBV requirements of the first 
picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 
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A. 12. 4 Start-up control registers 



Register name 


Size/Dir. 


Reset State 


Description 

i 


startup_access 


1 


0 


Writing 1 to this register requests that the bit 


CED_BS_ACCESS 


rw 




counter and gate opening logic stop to allow 
acrp^^i to thpir rnnfinnratinn rpnictfprQ 


bit_count 


u 


n 


This bit counter is incremented as coded data 


CED_BS_COUNT 


rw 




leaves the start code detector. The number of 
bits required to increment bit_count once is 


bit_count_prescale 


3 


0 


counter starts counting bits after a FLUSH 


CED_BS_PRESCALE 


rw 




Token passes through the bit counter 

It is reset to zero and then stops incrementing 
after the bit count target has been met. 


bit_count_target 


8 


X 


This register specifies the bit count target. A 


CED_BS_TARGET 


rw 




target met event is generated whenever the 
following condition becomes true: 
bit_count>=bit_count_target 


target_met_event 


1 


0 


When the bit count target is met this event will be 


BS_ TARGET^METJEVENT 


rw 




generated. If the mask register is set to 1 then an 
interrupt can be generated, however, the bit counter 
will NOT stop processing data 








This event will occur when the bit counter 
increments to its target. It will also occur if a target 
value is written which is less than or equal to the 
current value of the bit counter. 

Writing 0 to bit_count_target will always generate a i 
target met event 


target_met_mask 

! 


1 

rw 


0 



Table A. 12.1 Decoder start-up registers 
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Register Name 



N 

CO 



o 

TO 

.*— « 

CO 

-*—> 

o 
a: 



Description 



counterjlushed event 



BS FLUSH EVENT 



counter flushed mask 



counter_flushed_too_early_event 
BS_FLUSH_BEFORE TARGET MET EVENT 



counter_flushed-too-early-mask 



offchip_queue 
CED_BS_QUEUE 



rw 



rw 



rw 



rw 



rw 



enable stream 



CED_BS_ENABLE_NXT_STM 



rw 



When a FLUSH Token passes through 
the bit count circuit this event will occur. 
If the mask register is set to 1 then an 
interrupt can be generated and the bit 
counter will stop. 



if a FLUSH Token passes through the bit 
count circuit board and the bit count 
target has not been met this event will 
occur. If the mask register is set to 1 
then an interrupt can be generated and 
the bit counter will stop 

See A.12.10. 



Setting this register to 1 configures the 
gate opening logic to require 
microprocessor support. When t his 
register is set to 0 the output gate control 
logic will automatically control the 
operation of the output gate. 

See sections A.12 6 and A.12.7. 



When an off-chip queue is in use writing 
to enable__stream controls the behaviour 
of the output gate after the end of a 
stream passes through it. 

A one in this register enables the output 
gate to open. 

The register will be reset when an 
accept_enable interrupt is generated 



Table A.12.1 Decoder start-up registers (contd) 
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Register Name 


Size/Dir. 


Reset State 


Description 


accept_enable_event 


1 


0.00 


This event indicates that a FLUSH 


BS_STREAM_END_EVENT 


rw 




Token has passes through the output 
gate (causing it to close) and that an 


accept_enable_mask 


1 

rw 


0.00 


enable was available to allow the gate to 
open. 

If the mask register is set to 1 then an 
interrupt can be generated and the 
register enable_stream will be reset. 
See A.12.7.1 . 



Table A. 12.1 Decoder start-up registers (contd) 
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A. 12.*- Output gate always open 

The output gate can be configured to remain open. This 
configuration is appropriate where still pictures are being 
decoded, or when some other mechanism is available to 
5 manage the start-up of the video decoder. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing 1 to startup_access ) : 
• set of f chip_queue = 1 
10 * set enable_stream - 1 

■ensure that all the decoder start-up event mask 

registers are set to o disabling their interrupts 
(this is the default state after reset) . 
(See A. 12. 7.1 for an explanation of why this holds the 
15 output gate open.) 

A . 12 * 6 Basic operation 

In the present invention, basic control of the start-up 
logic is sufficient for the majority of MPEG video 
applications. In this mode, the bit counter communicates 
20 directly with the output gate. The output gate will close 
automatically as the end of a video stream passes through 
it as indicated by a FLUSH Token. The gate will remain 
closed until an enable is provided by the bit counter 
circuitry when a stream has attained its start-up bit 
25 count. 

The following configurations are required after reset 
(having gained access to the start-up control logic by 
writing 1 to startup_access } : 

- set bit_count_prescale approximately for the expected 
30 range of coded data rates 

set counter^! lushed_too_ear ly^mask = 1 to enable this 
error condition to be detected 
Two interrupt service routines are required: 

Video Demux service to obtain the value of 
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*b\4^delay for the first picture in each new 
stream 

•Counter flushed too early service to react to 

this condition 
The video deinux (also known as the video parser) can 
generate an interrupt when it decodes the vbv_delay for a 
new video stream (i.e., the first picture to arrive at the 
video deinux after a FLUSH) . The interrupt service routine 
should compute an appropriate value for bit_count_target 
and write it. When the bit counter reaches this target, it 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A.12.C.1 Starting * MW »trea* shortly after another 
finishes 

As an example, the MPEG stream which is about to finish 
is called A and the KPEG stream about to start is called B. 
_5 A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to 2ero, A 
10 having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream 5. When the Video Demux has decoded the vbv_delay 
from the first picture in stream B, an interrupt will be 
generated allowing the bit counter to be configured. 
15 As the FLUSH marking the end of stream A passes through 

the output gate, the gate will close. The gate will remain 
closed until B meets its start-up conditions. Depending on 
a number of factors such as: the start-up delay for stream 
B and the depth of the buffers, it is possible that B will 

2 0 have already met its start-up conditions when the output 

gate closes. In this case, there will be an enable waiting 
in the queue and the output gate will immediately open. 
Otherwise, stream B will have to wait until it meets its 
start-up requirements. 
25 A. 12 • 6 . 2 A succession of short streams 

The capacity of the queue located between the bit 
counter and the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 

3 0 finish being decoded. In the present invention, this 

situation will only occur if very short streams are being 
decoded or if the off-chip buffers are very large as 
compared to the picture format being decoded) . 
In Figure 69 stream A is being decoded and the 
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outpuw.gate is open) . Streams B and C have met their 
start-up conditions and are entirely contained within the 
buffers managed by the Spatial Decoder. Stream D is still 
arriving at the input of the Spatial Decoder. 
5 Enables for streams B and C are in the queue. So, when 

stream A is completed B will be able to start immediately. 
Similarly C can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 

10 queue, filling the queue. If no enables have been removed 
from the queue by the time the end of D passes the bit 
counter (i.e., A is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 

15 input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through . 

A. 12. 7 Advanced operation 

In accordance with the present invention, advanced 
20 control of the start-up logic allows user software to 

infinitely extend the length of the enable queue described 
in A. 12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
25 A. 12.6.2, "A succession of short streams". 

In addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained access to the start-up 
control logic by writing 1 to start-up access) : 
30 set of f chip_queue = 1 

set accept_enable_mask « 1 to enable interrupts 
when an enable has been removed from the queue 
set target_met_mask = 1 to enable interrupts 
*hen a stream's nit count target is met 
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TwoB-eddit ional interrupt servi'ce routines are 
required : 

• accept enable interrupt 
■ Target met interrupt 
5 When a target met interrupt occurs, the service routine 

should add an enable to its off-chip enable queue. 
A. 12.7.x Output gate logic behavior 

Writing a 1 to the enable_stream register loads an 
enable into a short queue. 
10 When a FLUSH (marking the end of a stream) passes 

through the output gate the gate will close. If there is 
an enable available at the end of the queue, the gate will 
open and generate an accept_enable_event . If 
accept_enable_mask is set to one, an interrupt can be 
15 generated and an enable is removed from the end of the 
queue (the register enable_stream is reset) . 

However, if accept_enable_mask is set to zero, no 
interrupt is generated following the accept_enable_event 
and the enable is NOT removed from the end of the queue. 
20 This mechanism can be used to keep the output gate open as 
described in A. 12.5. 
A. 12. 8 Bit counting 

The bit counter starts counting after a FLUSH Token 
passes through it. This FLUSH Token indicates the end of 
25 the current video stream. In this regard, the bit counter 
continues counting until it meets the bit count target set 
in the bit_count_target register, A target met event is 
then generated and the bit counter resets to zero and waits 
for the next FLUSH Token. 
30 The bit counter will also stop incrementing when it 

reaches it maximum count (255) . 
A. 12. 9 Bit count prescale 

In che present invention, 2 ' ,t,l -'" ni - rr *^ ' " x 512 bits are 
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requir^d<.o increment the bit counter once. Furthermore, 
bit_count_prescale is a 3 bit register than can hold a 
value between 0 and 7. 





Range (bits) 


Resolution (otts) 


0 j 0 to 26214* | 1024 


1 | 0 to 524285 


2046 


7 | 0 to 3 1457280 


122980 



Table A. 12. 2 Example bit counter ranges 

5 The bit count is approximate, as some elements of the 

video stream will already have been Tokeni2ed (e.g., the 
start codes) and, therefore includes non-data Tokens. 
A. 12. 10 Counter flushed too early 

If a FLUSH token arrives at the bit counter before the 

10 bit count target is attained, an event is generated which 

can cause an interrupt (if counter_f lushed_too_early_mask = 
l) . If the interrupt is generated, then the bit counter 
circuit will stop, preventing further data input. It is 
the responsibility of the user's software to decide when to 

15 open the output gate after this event has occurred. The 
output gate can be made to open by writing 0 as the bit 
count target. These circumstances should only arise when 
trying to decode video streams that last only a few 
pictures . 
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SECTFO?* A. 13 Buffer Management 

The Spatial Decoder manages two logical data buffers; 
the coded data buffer { CDB) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
Detector and the input of the Huffman decoder. This 
provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data . 

Both buffers are physically held in a single off-chip 
DRAM array. The addresses for these buffers are generated 
by the buffer manager. 
A, 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset. In 
normal operation, there is no requirement to reconfigure 
the buffer manager. 

After reset is removed from the Spatial Decoder, the 
buffer manager is halted (with its access register, 
buf f er_manager_access , set to 1) awaiting configuration. 
After the registers have been configured/ 
buf f er_manager_access can be set to 0 and decoding can 
commence . 

Most of the registers used in the buffer manager cannot 
be accessed reliably while the buffer manager is operating. 
Before any of the buffer manager registers are accessed 
buf f er_manager_access must be set to 1. This makes it 
essential to observe the protocol of waiting until the 
value l can be read from buf f er_manager_access . The time 
taken to obtain and release access should be taken into 
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consideration when polling such registers as cdb_full and cdb__empty to 
monitor buffer conditions. 



Register name 


Size/Dir. 


Reset State 


Description 


buffer_manager_access 


1 

rw 


1 


This access bit stops the operation of the buffer manager 
so that its various registers can be accessed reliably. See 
A.6.4.1 . Note - this access register is unusual as its default 
state after reset is 1 . i.e. after reset the buffer manager is 
halted awaiting configuration via the microprocessor 
interface. 


buffer_manager_keyhoie_address 


6 
rw 


X 


Keyhole access to the extended address space used for 
the buffer manager registers shown beiow. See A.6.4.3 for 
more information about accessing registers through a 


buffer_manager_keyhole_data 


8 
rw 


X 


keyhole. 


DUTTer^Hrnii 


18 
rw 


X 


This specifies the overall size of the DRAM array attached 
to the Spatial Decoder. All buffer addresses are calculated 
MOD this buffer size and s will wrap round within the 
DRAM provided. 


cdb_base 


18 


X 


These registers point to the base of the coded data (cdb) 


tb_base 


—m 




and Token (tb) buffers. 


cdbjength 


18 


X 


These registers specify the length (i.e. size) of the coded 


tbjength 


— FW 




data (cdb) and Token (tb) buffers. 


cdb_read 


18 


X 


These registers hold an offset from the buffer base and 


lu I CdU 


— F© 




indicate where data will be read from next 


cdb_number 


18 


X 


These registers show how much data is currently held in 


tb_n umber 


— re 




the buffers. 


cdb_fu)i 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 


tb_fuil 


ro 




Token (tb) buffer fills. 


cdb_empty 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 


tb_empty 


ro 




Token (tb) buffer empties. 



Table A. 13.1 Buffer manager registers 
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A. 13 ♦ i»x^Buf f er manager pointer values 

Typically, data is transferred between the Spatial 
Decoder and the off_chip DRAM in 64 byte bursts (using the 
DRAM's fast page mode). All the buffer pointers and length 
5 registers refer to these 64 byte (512 bit) blocks of data. 
So, the buffer manager's 18 bit registers describe a 256 k 
block linear address space (i.e., 128 Mb). 

The 64 byte transfer is independent of the width (8, 16 
or 32 bits) of the DRAM interface. 
10 A. 13.2 Use of the buffer manager registers 

The Spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
limit register ( buf f er_l imi t ) defines the physical upper 
limit of the memory space. Ail addresses are calculated 
15 modulo this number. 

Within the limits of the available memory, the extent of 
each buffer is defined by two registers: the buffer base 
(cdb_base and tb_base) and the buffer length (cdb_length 
and tb_iength) . All the registers described thus far must 
20 be configured before the buffers can be used* 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb_read and tb_read) 
indicates an offset from the buffer base from which data 
will be read next. The buffer number registers (cdb_number 
25 and tb_number) indicate the amount of data currently held 
by buffers. The status bits cdb_full, tb_fuli, cdb_empty 
and tb_empty indicate if the buffers are full or empty. 

As stated in A. 13. 1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
30 Accordingly, the value read from cdb_number should be 

multiplied by 512 to obtain the number of bits in the coded 

data ouf f er . 

A. 13. 3 Zero buffers 

Still picture applications (e.g., using JPEG) that do 
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not h^e*.a "real-time" requirement will not need the large 
off-chip buffers supported by the buffer manager. In this 
case, the DRAM interface can be configured (by writing 1 z Q 
the zero_buffers register) to ignore the buffer manager to 
5 provide a 128 bit stream on-chip FIFO for the coded data 
buffer and the Token buffers. 

The zero buffers option may also be appropriate for 
applications which operate working at low data rates and 
with small picture formats. 
3 10 Note: the zero^buffers register is part of the DRAM 

y interface and, therefore, should be set only during the 

post-reset configuration of the DRAM interface. 
? (i A. 13. 4 Buffer operation 

© The data transfer through the buffers is controlled by a 

^ 15 handshake Protocol. Hence, it is guaranteed that no data 

errors will occur if the buffer fills or empties. If a 
buffer is filled, then the circuits trying to send data to 

INK 

ffk the buffer will -be halted until there is space in the 

u'| buffer. If a buffer continues to be full, more processing 

H " 20 stages "up steam" of the buffer will halt until the Spatial 

Decoder is unable to accept data on its input port. 

Similarly, if a buffer empties, then the circuits trying to 

remove data from the buffer will halt until data is 

available . 

25 As described in A. 13.2, the position and si2e of the 

coded data and Token buffer are specified by the buffer 
base and length registers. The user is responsible for 
configuring these registers and for ensuring that there is 
no conflict in memory usage between the two buffers. 



318 



parser _tW&f^©de(7:0} 


Oesenpuon 


0*90 


£RR_K261.PlC.£NO.UN£X?SCTeD 

Ounng H_25t operation me end of a picture has been enccun tared at an unexpected 
oosifton. This is fik«4y tc indicate an encr m me coced ca;a. 




ERR .GN.3ACKUP 

During H.261 ooera&on a group of ttocks has Been encountered *rtn a *ur--s' 
(ess man tnar expected. This & likety to indicate an error m me coded ca:a 


C*92 


ERR_GN_$K!PJ306 

Ounng H.ist operation a group of blocks has been encountered with a c/c-p *-^*ce r 
greater man that expected. This is litctiy to indicate an error m me coded da:a. 


OxAO 


ERR.NBASc.TAS 

Dunng JPEG operacon there has been an attempt to down load a Huffman arte mat -s 

not <iTTifinrt*rt taw hsoJin* JP£G fha<*(in# JPC£5 rtnlv *rmpv\r"« *arii»* * a Art l 'nr 

entrooy codmg). 


QxAt 


ERR.QUANT.PRSCISION 

vunrig jr£u oparaiiwn mere naa own an inempi in oown iqis a. cuaniia..»n .acie - a> 
ts not supported by baseline JPEG {baseline JPEG on(y support 3 bit prec:s;cn :n 
quantisation tables). 


0xA2 


ERR.SAMPLS.PREClSlON 

During jP£G oparaoon mare has bean an attempt to spectry a sample precision jreais' 
than that suooorted by baseline JPEG {bas**tna JPEG only supports 8 bit precision). 


OxAO 


ERR.NBASE.SCAN 

uni or more 01 ;ne jrco scan nesocr P*r*me;er5 33. a*. *n is »«; .3 « **>u- w. 
supported by basetine JPEG (indicating spectraJ selection ane'er successive 
approximaoon wnieh are not suooorted in oaseime JPEG). 


J Ox>U 


ERR.UNEXPECTED.ONL 

Ounng JPEG oparaoon a OfVL marker has been incour.tettC m a scan ma: s *oi me 
first scan m a frame. 


1 OxA5 

! 


ERR.SOSJJN EXPECTED 

Ounn^ JPEG operation an SOS ma/fcer nas been encountered m an unexpected r^acs 



TaoieA,14.12 Parser error codes (Sheet 3 of 5) 
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Register name 




Size/Dir. 




Reset State 


Description 


dummy_last_picture 
CED_H_ALU_REGO 
r_rom_control 
r_dummyjast_frame_bit 


1 

rw 


0 




When this register is set to 1 the Video Demux will generate information for 
a uummy intra picture as me tasi picture or an rvirto sequence 1 nis 
function is useful when the Temporal Decoder is configured for automatic 
Dicture re-orderma fsee A 18 3 5 "Picture senufannp rp-orriprinn"^ tn fln^h 
the last P or 1 picture out of the Temporal Decoder 

No "dummy" picture is required if. 












• the Temporal Decoder is not configured for re-ordering 












• another MPEG sequence will be decoded immediately {as this will also 
flush out the last picture) 












• the coding standard is not MPEG 


fielcHnfo 

CED_H_ALU_REGO 


1 

rw 


0 




When this register is set to 1 the first byte of any MPEG 
extrajnformation_ptcture is placed in the FIELDJNFO Token See 
A.14.7 1. 


r_rom_control 












r_fieldjnfoJbit 












continue 

CED_H_ALU_REGO 


1 

rw 


0 




This register allows user software to control how much extra, user or 
extension data it wants to receive when it is detected by the decoder. See 
A.14.6 and A 14.7 . 


r_rom_contro! 












rjieidjcontinuejyit 












ronrwevision 
CED_H_ALU_REG 1 
r_rom_revision 


8 
ro 




Immediately following reset this holds a copy of the microcode ROM 
revision number. 

This register is also used to present to control software data values read 
from the coded data See A 14.6, "Receiving User and Extension data", on 
page 148 and A 14 7, "Receiving Extra Information" 



Table A.14.1 Top level Video Demux registers (contd) 
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Register name 




Size/Dir. 




Reset State 


Description 


huffman_event 


1 

rw 


0 


A Huffman event is generated if an error is found in the coded data. See 
A. 14 5 1 for a description of these events 

If the mask register is set to 1 then an interrupt can be generated and the 
Video Demux will stop. If the mask register is set to 0 then no interrupt is 
generated and the Video Demux will attempt to recover from the error. 


huffman_mask 


1 

rw 


0 


parser_event 


1 

rw 


0 


A Parser event can be in response to errors in the coded data or to the 
arrival of information at the Video Demux that requires software 
intervention See A 14.5 2 for a description of these events If the mask 
register is set to 1 then an interrupt can be generated and the Video 
Demux will stop If the mask register is set to 0 then no interrupt is 
generated and the Video Demux will attempt to continue 


parser_mask 


12 
rw 


X 


Table A.14.1 Top level Video Demux registers (contd) 


Register name 




size/dir. 




Reset State 


Description 


component_name_0 
component_narne_1 
component_name_2 
component_name_3 


8 
rw 


X 


During JPEG operation the register component_name_/? holds an 8 bit 
value indicating (to an application) which colour component has the 
component ID n 


horiz_pels 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in pixels 

See section A 14.2 


vert_pets 


16 
rw 


X 


horiz_macroblocks 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in macroblocks 

See section A 14 2 


vert_macrobfocks 


16 
rw 


X 



Table A.14.2 video demux picture construction registers 





2B 








2C 


first scan 






2D 


in picture 




2E 


rom control 






2F 


rom revision j 





Table B.3.2 JPEG Variations 



H.261 Variations/ 



PKF 


10 


horiz pels [ 







11 


horiz pels 0 






12 


v en pels 1 






13 


vert pels 0 






14 


buff size 1 






15 


buff size 0 






16 


pel asp. ratio 






17 


bit rate 2 






18 


bit rate I 






19 


bit rate 0 






1A 


pic rate 






IB 


constrained 






1C 


picture type 






ID 


H^&i picture type 






IE 


broken closed 






IF 


pred mode 






20 


vbv delay I 






21 


vbv delay 0 






22 


full pel fwd 






23 


full pel bwd 






24 


fionz mb copy 






25 


pic number 


i 




26 


max h 




[27 i 


max v 






>8 








!9 








.A 






2 


B i 


n gob j 
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A. 14 . vri * Register loading and Token generation 

Many of the registers in the Video Demux hold values 
that relate directly to parameters normally communicated m 
the coded picture/ video data. For example, the horiz_pels 
5 register corresponds to the MPEG sequence header 

information, hor izontal_size , and the JPEG frame header 
parameter, X. These registers are loaded by the Video 
Demux when the appropriate coded data is decoded* These 
registers are also associated with a Token. For example, 

10 the register, horiz_pels, is associated with Token, 

H0RIZ0NTAL_5IZE. The Token is generated by the Video Demux 
when (or soon after) the coded data is decoded. The Token 
can also be supplied directly to the input of the Spatial 
Decoder. In this case, the value carried by the Token will 

15 configure the Video Demux register associated with it. 
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Register Name 


Size/Dir. 


Reset State 


Description 


dcJiuffO 
dchuffj 


2 
rw 




The two bit value held by the register dc_huff_/? describes which 
Huffman decoding table is to be used when decoding the DC 
coefficients of data with component ID n. 


dc_huff_2 








dc_huff_3 






fiimilarlu ar hi iff n H^cfriHoc tho taKlo in Kd mcoH Mthan At^r>r\r\ir\rt 
xjiiuiiaiiy nun // ucouiiuco u to laUlc iu Uc Uocu Wt!C?n UcCOQiny 

AC coefficients. 


ac_huff_0 


Z 




ac_hufM 
ac_huff_2 


rw 




Baseline JPEG requires up to two Huffman tables per scan. The 
only tables implemented are 0 and 1 . 


ac_huff_3 








dc_bits_0[1 5:0] 
dcj)its_1[15:0] 


8 

rw 




Each of these is a table of 16, eight bit values. They provide the 
BITS information (see JPEG Huffman table specification) which 
form part of the description of two DC and two AC Huffman 


ac_bits_0[15:0] 


8 




tables. 


ac_bits_1[15:0] 


rw 




See section A. 14.3.1 . 


dc_huffval_0[11:0] 
dc_huffval_1[1 :0] 


8 
rw 




Each of these is a table of 12, eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 
which form part of the description of two AC Huffman tables. 

See section A.14.3.1 . 


ac_huffvaL0(161:0) 
acJuiffvaM (161:0) 


8 
rw 




Each of these is a table of 162, eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 
which form part of the description of two DC Huffman tables. 

See section A.14.3.1 . 


dc zssss 0 
dc_zssss_1 


8 
rw 




These 8 bit registers hold values that are "special cased" to 
accelerate the decoding of certain frequency used JPEG VLCs. 

dc_ssss - magnitude of DC coefficient is 0. 

ac_eob - end of block 

ac_zrl - run of 16 zeros 


ac_eob__0 
ac_eob_1 


8 

rw 




ac_zrl_0 


8 




a c_zr!_1 


rw 







Table A.14.3 Video demux Huffman table registers 
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Register Name 


Size/Dir 


Reset State 


Description j 


buffer_size 


10 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the size of VBV buffer required in an ideal decoder. 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software when configuring the 
coded data buffer size and to determine whether the decoder is 
capable of decoding a particular MPEG data file. 


pel_aspect 


4 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the pel aspect ratio. The value is a 4 bit integer that is 
used as an index into a table defined by MPEG. 

See the MPEG standard for a definition of this table 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software when configuring a 
display or output device. 


bit_rate 


4 

rw 




This register is loaded when decoding MPEG data with a value 
indicating the coded data rate. See the MPEG standard for a 
definition of this value. This value is not used by the decoder 
chips. However, the value it holds may be useful to user 
software when configuring the decoder start-up registers. 


pic_rate 


4 

rw 




This register is loaded when decoding MPEG data with a value 
indicating the 

picture rate. See the MPEG standard for a definition of this 
value. This value is not used by the decoder chips. However, 
the value it holds may be useful to user software when 
configuring a display or output device 


Constrained 


1 

rw 




This register is loaded when decoding MPEG data to indicate if 
the coded data meets MPEG's constrained parameters. See the 
MPEG standard for a definition of this flag. 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software to determine whether the 
decoder ts capable of decoding a particular MPEG data file. 



Register Name 



0> 
N 

CO 



0) 
CO 



or 



Description 



picture_type 



rw 



During MPEG operation this register holds the picture type of the 
picture being decoded. 



n _261_pic_type 



rw 



This register is loaded when decoding H.261 data. It holds 
information about the picture format. 



7 


6 


5 


4 


3 


2 


1 


0 


f 


f 


s 


d 


f 


d 


f 


f 



Flags: 

s - Split Screen Indicator 

d - Document Camera 

r - Freeze Picture Release 

This value is not used by the decoder chips. However, the 
information should be used when configuring horiz_pels, vert_pels 
and the display or output device. 



broken closed 



rw 



During MPEG operation this register holds the brokenjink and 
closed__gap 

information for the group of pictures being decoded. 



7 


6 


5 


4 


3 


2 


1 


0 




r 


r 


r 


r 


r 


r 


c 


b 



Flags: 

C - ciosed_gap 



Table A.14.4 Other Video Demux registers (contd) 
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Register Name 



Q 
a3 



TO 
GO 

"55 
(/) 

or 



Description 



Prediction mode 



During MPEG and H 261 operation this register holds the 
current value of prediction mode. 



rw 



7 


6 


5 


4 


3 


2 


1 


0 


r 


r 


r 


h 


y 


X 


b 


f 



Flags: 

h - enable H.261 loop filter 

y - reset backward vector prediction. 



vbv_delay 



16 



rw 



This register is loaded when decoding MPEF data with a value 
indicating the minimum start-up delay before decoding should start 

See the MPEG standard for a definition of this value. 

This value is not used by the decoder chips. However, the value it 
holds may be useful to user software when configuring the decoder 
start-up registers. 



pic_number 



rw 



This register holds the picture number for the pictures that is currently 
being decoded by the Video Demux. This number was generated by 
the start code detector when this picture arrived there. 

See Table A. 11 .2 for a description of the picture number. 



dummyjast_picture 



field info 



continue 



These registers are also visible at the top level. See Table A.14.1 



rw 



rom revision 



coding_standard 



rw 



This register is loaded by the CODING_STANDARD Token to 
configure 

the Video Demux's mode of operation. 
See section A 21.1 . 



Table A.14.4 Other Video Demux registers (contd) 
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« 




fteg<st«r nam* 


s 

1 




Cescnption 




CO 


« 












resurtjmerva* 


s 




This register is ioaced wn«n cecoorg jP£G data witn a va>ue *re.ca;;r.5 r« 








minrmum start*uo daiay oefcre cecocmg shoute s;an. 








5 

See tn« MPHG stanoa/d tor a deftr.iucn of thus value. 



Table A. 14* 4 Other video Demux registers (ccntd) 



regtsttr 


Token 


standard 


comment 


componant.namt.n 


COMPONENT.NAME 


JPEG | tn coded 3a ra 


MP£G 


not used in siancarc 


M.26t 


nofix.pets 
vert^ei* 


H0RI20NTAL.S12E 
VERT1CAL.SI2E 


MPEG 


m cccec caca. 


JPEG 


M.25t 


automatical cenveo frcm jicrjr* 
ryoe. ' 


horiz.macrodtocks 
vtrt_macfoOloc*j 


HOR120NTAL.MBS 
VERT1CAL.MBS 


MPHG 


comrci sofrware must cenv« from ; 
nonzcniai and vemcai scJure s;z» 


JPEG 


K2St 


automatically defied frzrr: picture j 
rype. ! 


max.n 

i 


OEFINE_MAX_SAMPLJNG 


MPSG 


control sotrwa/e mus: rcT/ig^re. 
Samptmg structure :s S*ed ty 
Stan card 


JPEG 


m cooec caia. 


M.2S1 


automa;:caity canfigvec 'v ■* 2.2 
video 



Table A. 14.5 Register to Token cross reference 
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register 


To*en 


standard 




max_comoon«ntjd 


MAX.COMPJD 


MPEG 


control software must configure 
Standard 






JPEG 


m coded data- 


■ 




H.26I 


automatically configured .'c-r ^20 
vtdeo. 




JPEG_TABLS_SEL£CT 


JPSG 


m coded data. 


tqj 




MPEG 


not used m suneara. 


\c_2 




H.261 


! 


tQ-3 








OiocKs.h.O 


DEFINE.SAMPUNG 


MPEG 


control software must configure. 


bioc*s.h_i 






Sampling struciwe u Axed oy 


bioc*s.h_2 






Standard. I 


bioc*s..h_3 




JPEG 


m ceded data. j 


5l0C>t$ v 0 




H2G\ 


automatical configured 'c * 2.0 ; 
video 










Otoclcs v 3 






j 
s 


dc huff 0 


t'l Mil irlABft Q«w 


JPEG 


tfi rnflA^I r»ara 1 


de.huff.i 


MPEG,OCH_TABLE 


MPEG 


control software must eenftgure. j 


dc.huff.2 




HM\ 


not used m standard. J 


dcjwt<_3 






j 


ae.nuff.o 


in scan header data 


JPEG 


tn cooed data. 






MPEG 


not used <n standard. j 


ae_huff_2 








ac„hyff_3 









Table A. 14* 5 Register to Token cross 
reference (contd) 
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Table A.1 4.5 Reg-ster to Token cross reference ( CO ntd) 
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register 


Token 


siandard 


comment 


oro*en_cJos*d 


BROKEN.CLOSED 


MPSG 


m codec data, j 


JPSG 


not used m s;ancara j 


H.251 


prectction_mod« 


PREDICT1ON.MO0E 


MP£G 


m codes da;a. 


JP£G 


not used <n standard 


HJ261 


1 n „2S1_pic_fype 

! 


PICTURE.TYPE 
(when standard is H.26t) 


MP£G 


not relevant 


JPHG 




K261 


in csded data. 


vDv^delay 


VBV.DELAY 


MPHG 


m coded data. 


JPSG 


not us*d :n siandard 

1 


K261 


pic.numoer 

i 


Carried by: 
PiCTURE.START 


MPEG 


Generated oy s;an «de detecior 

i 


JPSG 


HJ261 


ceding.sunoafd 


CODING.STANOARD 


MPSG 


configured in start code oy ccr.:rc* ; 

i 

software defector | 


JPSG 


HJZSt 



Table A. 14. 5 Register to Token 
cross reference <contd) 



A. 14.2 Picture structure 

In the present invention, picture dimensions are 
5 described to the Spatial Decoder in 2 different units: 
pixels and macroblocks. JPEG and MPEG both communicate 
picture dimensions in pixels. Communicating the dimensions 
in pixels determine the area of the buffer that contains 
the valid data; this may be smaller than the total buffer 
10 si2e. Communicating dimensions in macroblocks determines 

the size of buffer required by the decoder. The macrobiock 
dimensions must be derived by the user from the pixel 



dimen#ro«s- The Spatial Decoder registers associated with 
this information are: horiz_pels, vert_pels, 
hor iz_macroblocks and vert_macroblocks . 

The Spatial Decoder registers, blocks_h_/2, blocks_v_n, 
max_h, max_v and max_component_id specify the composition 
of the macroblocks (minimum coding units in JPEG) . Each is 
a 2 bit register than can hold values in the range 0 to 3 . 
All except max_component_id specify a block count of 1 to 
4. For example, if register max_h holds 1, then a 
macroblock is two blocks wide. Similarly, roax_component_id 
specifies the number of different color components 
involved . 







4:22 


4:2:0 1 t:l:l 


mix_h 


' I 1 


1 I o 


max.v 


0 


i 


1 | 0 


max _compof*«n tjd 


2 


2 j 2 | 2 I 




1 | 1 j 1 | 0 | 


5l0CfcS_hJ 


0 j 0 


0 | 0 i 




0 j 0 


0 


• ! 




« I « 


* I * j 


b*oeks_v_0 


0 


1 1 1 1 0 1 




0 


1 j 0 | 0 j 




! o 


1 


0 ) 0 


Woe*s_v_3 


I 


X 


X 





Table A, 14. 6 Configuration for various macroblock formats 
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A-14.>- Huffman tables 

A. 14. 3.1 JPEG style Huffman table descriptions 

In the invention, Huffman table descriptions are 

provided to the Spatial decoder via the format used by jpeg 
5 to communicate table descriptions between encoders and 

decoders. There are two elements to each table 

description: BITS and HUFFVAL. For a full description of 

how tables are encoded, the user is directed to the JPEG 

specification. 
10 A. 14. 3.1.1 BITS 

BITS is a table of values that describes how many 

different symbols are encoded with each length of VLC . 

Each entry is an 8 bit value. JPEG permits VLCs with up to 

16 bits long, so there are 16 entries in each table. 
15 The BITS(0j describes how many different 1 bit VLCs 

exist while BITS[lj describes how many different 2 bit VLCs 

exist and so forth. 

A. 14.3. 1,2 HUFFVAL 

HUFFVAL is table of 8 bit data values arranged in order 
20 of increasing VLC length. The size of this table will 

depend on the number of different symbols that can be 

encoded by the VLC. 

The JPEG specification describes in further detail how 

Huffman coding tables can be encoded or decoded into this 
25 format. 

A. 14 . 3 . l . 3 Configuration by Tolccns 

In a JPEG bitstream, the DHT marker precedes the 

description of the Huffman tables used to code AC and DC 

coefficients. When the Start Code Detector recognizes a 
2 0 DHT marker, it generates a DHT_ MARKER Token and places the 

Huffman table description in the following DATA Token (see 

A. 11 . 3 . 4 ) . 

Configuration of AC and DC coefficient Huffman tables 
within the Spatial Decoder can be achieved by supplying 
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DATA #nd~DHT_KARKER Tokens to the input of the Spatial 
Decoder while the Spatial Decoder is configured for JPEG 
operation. This mechanism can be used for configuring the 
DC coefficient Huffman tables required for MPEG operation, 
5 however, the coding standard of the Spatial Decoder must be 
set to JPEG while the tables are down loaded. 





7 5 5 4 " 3 | 2 j 1 j 0 


Toktn Namt j 


, i j| 0 0 0 1 Oi M Oi I 


CODiNG.STANOARO 


0 


0 0!0.0 ; 0!0j0jl| 1s JP£G ) 


o j o o.o i ; i ; i i o i o 


DHT.MARKER 




■o'o'oiolojijxii 


DATA | 




t 


1 


t 


t 


1 


t 


t 


t 


T ft - value indicating wntch Huffman taWt is to oe ioaoed. JPtu atiowj 4 j 
taoies to oe downloaded. ! 

Values 0x00 and 0x01 specify DC coefficient cofltng taofes 0 and i ! 

j 

Vaiues 0x10 and Oxti specifies AC coefficient coding taoies 0 and J \ §, 


1 j| ft t n | n j n 


n 


n 


n 
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- 16 words carrying BITS information | ~ 

1 1 

li ?! 


■ 


lijn; n | n j r\| nj n 


n 


n 


t j| n | n j n 


n 


n j n 


n 


n 


V u - Words carrying HUFFVAL information {the j | §! 

f I Si 

number of words depends on tfte number of different ! * z\ 
symbols). j * * 

i 1 1; 

• * the extension oil wit! be 0 if tftts is the endo/ trie DATA Token cm if ; « ^ 
another taoie descnpt>on ts contained in me same DATA Token. j ;= 




t 


n 


n 


n 


n 


n 


n 


n 


n 
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A.n.>riM Configuration by MP I 

The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI. See Table 
A. 14 . 3 . 

5 The registers dc_bi ts_Q [ 15 : 0 } and dc_bits_l [ 1 5 : 0 ) 

hold the BITS values for tables 0x00 and 0x01. 
•The registers ac_bits_0 f 15 : 0 ] and ac_bits_l r 15 : 0 ] 
hold the BITS values for tables 0x10 and 0x11. 
-The registers dc_huf f val_0 [ 11 : 0 } and 
10 dc_huffval_l[ 11:0] hold the HUFFVAL values for 

oj tables 0x00 and 0x01. 

-The registers ac_huf f val_0 [ 161 : 0 ] and 
\| ac_huffval_l[ 161:0] hold the HUFFVAL values 

fU for tables 0x10 and 0x11. 

J!'J 15 A, 14.4 Configuring for different standards 

* The Video Demux supports the requirements of MPEG, JPEG 

and H.261. The coding standard is configured automatically 
fk bv the CODING_STANDARD Token generated by the Start Code 

Detector* 

20 A. 14.4.1 H.261 Huffman tables 

All the Huffman tables required to decode H.261 are held 
in ROMs within the Spatial Decoder and more particular in 
the parser state machine of the Video demux and, therefore 
require no user intervention. 
25 A. 14.4.2 H.261 Picture structure 

H.261 is defined as supporting only tvo picture formats: 
CIF and QCIF. The picture format in use is signalled in 
the PTYPE section of the bitstream. When this data is 
decoded by the Spatial Decoder, it is placed in the 
30 h_261_pic_type registers and the PICTURE_TYPE Token. In 
addition, all the picture and macroblock construction 
registers are configured automatically. 

The information in the various registers is also placed 
into their related Tokens (see Table A. 14. 5), 
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and tlfts^ensures that other decoder chips (such as the 
Temporal Decoder) are correctly configured. 
A. 14. 4*3 MPEG Huffman tables 

The majority of the Huffman coding tables required to 
5 decode MPEG are held in ROMs within the Spatial Decoder 

(again, in the parser state machine) and, thus, require no 
user intervention. The exceptions are the tables required 
for decoding the DC coefficients of Intral macroblocks. Two 
tables are required, one for chroma the other for luma. 
10 These must be configured by user software before decoding 
begins . 



macrocode constructor* 


CiP/ 

oaf 


pcfljrt construction 


CIP 


OOP 


m«,h | t 


ftortx^p^ls 


352 




max.v 


i 








max _comp o ntntjd 


2 


horii.macroblocks 


22 


» i 


Oiocks.h.o 


1 


v^n^macrooiocks 






blocks Ji_1 


0 


! i I 


b(ocki.h.2 


0 


! I i 


bioeks,v_0 


t 


! I i 




0 




I i 


blocks _v_2 


0 







Table A. 14.8 Automatic settings for H.261 



Table A. 14. 10 shows the sequence of Tokens required to 
configure the DC coefficient Huffman tables within the 
15 Spatial Decoder. Alternatively, the same results can be 
obtained by writing this information to registers via the 
MPI . 

The registers dc_huff_n control which DC coefficient 
Huffman tables are used with each color component. Table 



308 



A , 14 . ^sftows how they should be configured for MPEG 
operation. This can be done directly via the MP I or by 
using the MPEG DCH TABLE Token. 



dc.hutf.O | 0 


dc.ftuffj! 


i 




\ 


dc.ftuff.3 


X 



Table A. 14. 9 mpeg DC Huffman table selection via MP I 





P:01 




i 0 


0x15 
0x01 


COO(NG.STANDARO j 
| l.JP€G ! 


0 


OxnC ! OHT.MARKEH | 


1 


0xO< j DATA (couW b« any colour eomoon^nu 0 is used m m* ex*rrc*e) [ 


1 


0x00 | 0 *>dc*t*s Ml m« Huftman taott « OC co««ta*m coo^g taoie 0 



5 
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P.0] 


Token Name 






0x00 


16 words carrying BITS information describing a total of 9 




t ) 0x02 


different VLCs: 




1 | 0x03 


2. 2 btt codes 






0x0 1 




' I 


Oxo : 


3. 3 bit cooes 






0x01 


1 . * bit codes 




' I 


0x01 


1 5 bit eofl»< 






OxOC 


i . 6 ba codes 






OxCO 


i . 7 bit codes 




1 jj 0x00 


Hi 

FU 




0x00 


If eonfigunng via me MPt rather than with Tofcens these vaiwes *ot:3 - s 






0x00 


written mto the dc^btts.OCIScQJ registers. 


ui 




QxCO 




5 

=«}.;.. 




0x00 








0x00 




II 




0x00 








0x01 


Q wafrie r^JktTvina HUFPVAL information 






0x02 


U configuring via. me mpi rather than with Tokens these values wove - - 






0x00 






0x03 


wntitn mto the dc.huffval_0{it:OJ registers. 






0x04 








0x05 








0x06 








0x07 






0 


0x08 





Table A* 14 ♦ 10 MPEG DC Huffman 
tatole configuration (contd) 
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, P.OI 


Token Name ] 




GxtC i 


Unl^wAH^tn j 


'1 


0x04 


DATA {coutd oa any co<ouf component, 0 t$ used tn this exarrcte) 


1 || 0x01 


1 indcates tnat tnts Huffman table ts DC coefficient codtncj not* t j 


' 1 


0x00 


it? Wwiud carrying si i w tniwrrnaiion Qe^cnutny a toiai oi y i 


> 1 


oxca 


different VLCs: | 




0x01 


! 

3. 2 bit codes 




0x01 


j t i CatOl 


i . 3 bit codes | 


hi 


0x01 


t , 4 bit codes 


1 j OxOi 


1 ( 5 tut codes 


1 ! 


0x01 


i , 6 M codes 




| 0x00 


i 

' 1,7 bit codes 




J OxOQ 


• i , 8 b»t codes 

i 




0x00 



0x00 N conficunnc. sna me MPS rather tftan with Tokens these vaiues would be 



0x00 j wnften into the ©*C_bits,1[1S:0] registers. 



0x00 



0x00 



0x00 



Oxoo | 9 words carrying HUFFVAL information 

if configunnc, via the MP] ratner than with Tokens these values woutd be 
wnnen mto the dc.h«Wvei.i(H:0] registers. 





0x01 




0x02 




0x03 




0x04 




0x05 




0x06 


1 1 


0x07 




0x08 


1 ij OXO* 



MPEGJDCH.TABLE 



! Configure so t*bie 0 is usee* for component 0 



OxOS MPEG DCH TABLE 



0,01 j Contour* so tatte 1 fS used for component 1 



0x06 



0x01 



MPEG.DCHJTABLE 

Configure so table 1 ts used (or component 2 
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£ 




Token Name | 

i 


1 


0x15 


COOING.STANDARD 


•i 


0x02 


2 . JPSG ! 



Table A* 14 * 10 MPEG DC Huffman 
table configuration (contd) 



A . 14 . 4 . 4 MPEG Picture structure 

The macroblock construction defined for MPEG is the same 
as that used by H.261. The picture dimensions are encoded 
in the coded data. 

For standard 4:2:0 operation, the macroblock 
characteristics should be configured as indicated in Table 
A. 14.8. This can be done either by writing to the 
registers as indicated or by applying the equivalent Tokens 
(see Table A. 14. 5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. If the picture format is 
known before decoding starts, then the picture construction 
registers listed m Table A. 14.8 can be initialized with 
appropriate values. Alternatively, the picture dimensions 
can be decoded from the coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error ERR_MPEG_SEQUENCE , see A. 14.8, "Changes at 
the MPEG sequence layer" . 
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A.14.#?5~ JPEG 

Within baseline JPEG , there are a number of encoder 
options that significantly alter the complexity of the 
control software required to operate the decoder. In 
5 general, the Spatial Decoder has been designed so that the 
required support is minimal where the following condition 
is met: 

• Number of color components per frame is less 
than 5(N f <4) 
10 A. 14. 4. 6 jpeg Huffman tables 

£3 Furthermore, JPEG allows Huffman coding tables to be 

ft down loaded to the decoder. These tables are used when 

S| decoding the VLCs describing the coefficients. Two tables 

are permitted per scan for decoding DC coefficients and two 
15 for the AC coefficients* 
W There are three different types of JPEG file: 

T si: Interchange format, an abbreviated format for compressed 

O image data, and an abbreviated format for table data. In 

5? an interchange format file there is both compressed image 

q 20 data and a definition of all the tables (Huffman, 

Quantization etc.) required to decode the image data. The 
abbreviated image data format file omits the table 
definitions. The abbreviated table format file only 
contains the table definitions. 
2 5 The Spatial Decoder will accept all three formats. 

However, abbreviated image data files can only be decoded 
if all the required tables have been defined. This 
definition can be done via either of the other two JPEG 
file types, or alternatively, the tables could be set-up by 
30 user software. 

If each scan uses a different set of Huffman tables, 
then the table definitions are placed (by the encoder) in 
the coded data before each scan. These are automatically 
loaded by the Spatial Decoder for use during this and any 



313 

subsequent scans. 

To improve the performance of the Huffman decoding, 

certain commonly used symbols are specially cased. These 

are: DC coefficient with magnitude 0, end of block AC 
~5 coefficients and run of 16 zero AC coefficients. The 

values for these special cases should be written into the 

appropriate registers. 

A. 14. 4. 6.1 Table selection 

The registers dc_huff_n and ac_huff_n control which AC 
10 and DC coefficient Huffman tables are used with which color 

component. During JPEG operation, these relationships are 

defined by the TD } and T^ fields of the scan header syntax. 

A. 14.4.7 JPEG Picture structure 

There are two distinct levels of baseline JPEG decoding 
15 supported by the Spatial Decoder: up to 4 components per 

frame (N f <4) and greater than 4 components per frame (N r >4). 

If N f >4 is used, the control software required becomes more 

complex. 

A. 14. 4. 7.1 Mf<4 

2 0 The frame component specification parameters contained 

in the JPEG frame header configure the macroblock 
construction registers (see Table A. 14.8) when they are 
decoded. No user intervention is required, as all the 
specifications required to decode the 4 different color 

2 5 components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture formats in S A. 16.1. 
A. 14. 4. 7. 2 JPEG with more than 4 components 

3 0 The Spatial Decoder can decode JPEG files containing up 

to 256 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 
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only *41«ws a maximum of 4 components in any scan. 
A. 14.4.8 Non-standard variants 

As stated above, the Spatial Decoder supports some 
picture formats beyond those defined by JPEG and MPEG, 
3 JPEG limits minimum coding units so that they contain no 

more than 10 blocks per scan. This limit does not apply to 
the Spatial Decoder since it can process any minimum coding 
unit that can be described by blocks_h_n, blocks_v_n, max_h 
and max_v. 

10 MPEG is only defined for 4:2:0 macroblocks (see Table 

A. 14. 8). However, the Spatial Decoder can process three 
other component macroblock structures, (e.g., 4:2:2. 
A . 14 ♦ 5 video events and errors 

The Video Demux can generate two' types of events: parser 

15 events and Huffman events* See A . 6 . 3 , "Interrupts", for a 
description of how to handle events and interrupts. 
A. 14.5-1 Huffman events 

Huffman events are generated by the Huffman decoder. 
The event which is indicated in huf f man_event and 

20 huffman^mask determines whether an interrupt is generated. 

If huffman_mask is set to 1, an interrupt will be generated 
and the Huffman decoder will halt. The register 
huf fman_error_code[2:0) will hold a value indicating the 
cause of the event. 

25 If l is written to huf f man_event after servicing the 

interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 

30 automatically. 

A. 14. 5. 2 Parser events 

Parser events are generated by the Parser. The event is 



indicated in parser_event . Thereafter, parser_mask 
determines whether an interrupt is generated. If 
parser_mask is set to 1, an interrupt will be generated and 
the Parser will halt. The register parser_error_code [ 7 : o ] 
will hold a value indicating the cause of event. 

If l is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover form the error 
automatically . 

If 1 is written to parser_event after servicing the 
interrupt, the Parser will start operation again. If the 
event indicated a bitstream error, the Video Demux will 
attempt to recover from the error. 

If parser_mask was set to o, the Parser will set its 
event bit, but will not generate an interrupt or halt. It 
will continue operation and attempt to recover from the 
error automatically . 
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Ml (01 


Qescnptjon 
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0 


NO error This error Sftouta not cczu sunro 
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Parted to fine terminal cooe m VLC withm 1 5 
bits. j 
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1 | Q j Pounfi senal data wnen Token exsecrad I 


1 x 


' ! 


Pound Token wnen senai data excepted 
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X 


information ctscnomg rr^ore tr.an 5-t 
coefficients for a single block was decreed 
mdcaung a ciutream error. The ttock outsu; 5y ! 
trie Video Oemux will contain only $4 
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coefficients. i 



Table A. 14* li Huffman error codes 




SRR.NO.ERROR 

No Parser error has occured. this event should no* occur dunng normal cse-at cr. 



0x10 



ERR.EXTENSION.TOKEN 



An EXTENSION.DATA Token has been detect by the Parser. The ui«*o« ot 
this Token should preeeed a DATA Token that contains the erens,on data. See a u s 



SRR.EXTHNSiON.OATA 

Poiiowmg the detee&on of an EXT£NSION_DATA Token, a DATA To«en 
containing the errension data has been detedcted. See A. u.fi 




SSR.USSR.TOKEN 

A USER .DATA Token has been detected by the Parser. The detection ot To«en 
shoukJ oreceed a DATA Token that contains the user data. See A.ug 



€RR.USER.0ATA 

Fo«ow,ng tne detecoon of a USEH.D ATA Token, a DATA Token contam.rg ^e .ser 
data has been detedcted. See a. 14 6 



0x20 



ERR.PSPARE 

H.2S I PSARE information has been detected see A. U.7 
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par s* f .erre f _M t {i.0] 


Description 


0x21 


ERfl.GSPARE j 
H.261 G5ARE tnfcrmjfion nas been delected See A 1 4 7 


0x22 


£RR_?7YPE 

The vatue of the H.25 1 ccrur* rype has changed. The fe^'Sier h 26 1 pic ryo* can 
inspected io see what th« new vaJue is. 


0x30 


?3P jP£G PRAME 

] 


0x31 


sacs jpt£ ?aAM ff LAST 


n»i5 


Picture size Of Ns changed 


0x33 


ERR.jPSG.SCAN.COMP 
Component Change ! 


0x34 


ERR.ONL.MARKER 


0x40 


SRR.MPEG.SEQUENCE 

One of the parameters communicatee m we MPEG secuenee teyer mas z~zr$+c. Se* 
AJ4.8 


0X41 


ERR.£XTRA.PICTVR€ 

MPEG extra jnfomuiicn_ptcture has been detected see A.14 t 


1 0x42 


ERR.EXTRA.SUCE 

MPEG extra jn/ormaE»on_stiee has been detected see A 1 4 7 


; 0x43 

) 

1 


The V8V.0EUY parameter for the first picture in a n*w MPEG video sec-s^ce ."as 
been detected Dy the Video Oemux. The new value of delay is available »nre register 
vbv.deiay. 

The firs; picture of a new seouence is defined as the first picture after a secue^ee e*c 
FLUSH or reset. 


{ QxSQ 

j 


ERR.SHORT.TQKEN 
normai operation. 
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parser _tW&f^©de(7:0} 


Oesenpuon 


0*90 


£RR_K261.PlC.£NO.UN£X?SCTeD 

Ounng H_25t operation me end of a picture has been enccun tared at an unexpected 
oosifton. This is fik«4y tc indicate an encr m me coced ca;a. 




ERR .GN.3ACKUP 

During H.261 ooera&on a group of ttocks has Been encountered *rtn a *ur--s' 
(ess man tnar expected. This & likety to indicate an error m me coded ca:a 


C*92 


ERR_GN_$K!PJ306 

Ounng H.ist operation a group of blocks has been encountered with a c/c-p *-^*ce r 
greater man that expected. This is litctiy to indicate an error m me coded da:a. 


OxAO 


ERR.NBASc.TAS 

Dunng JPEG operacon there has been an attempt to down load a Huffman arte mat -s 

not <iTTifinrt*rt taw hsoJin* JP£G fha<*(in# JPC£5 rtnlv *rmpv\r"« *arii»* * a Art l 'nr 

entrooy codmg). 


QxAt 


ERR.QUANT.PRSCISION 

vunrig jr£u oparaiiwn mere naa own an inempi in oown iqis a. cuaniia..»n .acie - a> 
ts not supported by baseline JPEG {baseline JPEG on(y support 3 bit prec:s;cn :n 
quantisation tables). 


0xA2 


ERR.SAMPLS.PREClSlON 

During jP£G oparaoon mare has bean an attempt to spectry a sample precision jreais' 
than that suooorted by baseline JPEG {bas**tna JPEG only supports 8 bit precision). 


OxAO 


ERR.NBASE.SCAN 

uni or more 01 ;ne jrco scan nesocr P*r*me;er5 33. a*. *n is »«; .3 « **>u- w. 
supported by basetine JPEG (indicating spectraJ selection ane'er successive 
approximaoon wnieh are not suooorted in oaseime JPEG). 


J Ox>U 


ERR.UNEXPECTED.ONL 

Ounng JPEG oparaoon a OfVL marker has been incour.tettC m a scan ma: s *oi me 
first scan m a frame. 


1 OxA5 

! 


ERR.SOSJJN EXPECTED 

Ounn^ JPEG operation an SOS ma/fcer nas been encountered m an unexpected r^acs 
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p»f»f.«itar.5pot(7:0] 


Oescnpuon 


0xA6 


£RR_R£START_SKiP 

Dunng „'P£G operation a restart marker has been encci.nrereo either -n m an 
unexpected place or tne value of the restart marker is urexcec-.ac : a -esiar -a™*' s 
not found when one ts expected tne w utfman event " c pund seraJ ;a:a *:<en 
expected* 5e generated. 


0x30 


£RR_SK1PJNTRA 

Dunng MPSG ooeraucn. a macro block with a macro otoc* access -/ears' 
man t has been (©unc* within an intra 0) picture. This 's illegal ire r-csasiv re rates a 
Ditstream error. 


0x31 


£RR,SKfP_DiNTRA 

During MP£G operation, a macro block with a macro block address rx:er-*~: greater 
than t nas been found within an DC onry fD) pcrufe. This is illegal ard rrcsaciy 
instates a bitstream error. 


0x£2 


£Rfl_BAO_MARK£R 

Durmg MPSG operation, a marker bit etc* not have me expecteo vatce. ~h.s -s rccanv 
indicates a bitstream error. 


OxS3 


HRR-O.MSTVPS 

Dunng MPSG ooeration, within a DC oniy (0) picture, a macrcciocx was .'cure wifia 
macrobtock type o titer than i. This ts illegal and probably mceates a t»3tream ercr 


0x&4 


£RR_D_MB£NO 

Dunng MP£G operation, within a DC only (D) p<ture. a macrccioek was Izl'G witn 0 :n 
ifs end of macrobloek bit. This is illegal and probaoiy indicates a bitstream e-;r 


OxSS 


£RR.SVP_SACKUP 

Ounng MP£G operation, a slice has been eneoumered with a *jce vertica; rcs-ac- ess 
than nai expected. This ts likely to indicate an error m the cccec data 


0x56 


SRR.SVP.SKIP^ROWS 

During MPSG operation, a si»ct has been encountered with a v.ce verve at ;cs..c* 
greater than that expected. This is i?kety to indicate an error :n re cccec -2 3 


0xS7 


£PR.fST - MBA.SACKUP 

Dunng MPSG operation, a macrobtock has been encountered wo a mac*: - ~<< 
address teas than tnat expected Tha is likely to indicate an ere m :ne ccc? c ra*a 
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Ci3o 


£nR_~5T_MBA_SKiP 

During MPEG ooeranon, a maeroetoex ftas 5e«n encountered ""t^ * macro oiock 1 

i 

address ereatef fftan tnat exoected. Thi$ js i<*e*y to trdtcaie an error m tf*e coded da:a ' 


0x99 

«. 


ERR SfCTURE £NO UNEXPECTED ! 

1 

During MPEG operation, a P!CTUR£_£:ND Token ftas see* encountered m an j 
unexpected Dtace. This is likely to indicate an error in coded da*a | 


1 OxEO . CxEr 

1 


errors reserved for internal test programs 


Ox£C 


SRR.TST.PROGRAM 

Mystertousiy arrived in the test program 


Cx£1 


SRR_nO_PROGRAM 

if tne test procram is not compiled in 


0x£2 


cRR.TST.SNO 1 

s 

£r*d Of Test ! 


OxPO ... Oxfr 


[ Reserved errors j 


OxfQ 


ERR.UCOOE.ADOR j 
fell off the end of me world j 


QxFt 


SRR.NOTjMPUEMEfVTED j 

j 



Tabie A.I 4.1 2 Parser error codes (Sheet 5 of 5) 
Each standard uses a different sub-set of the defined 
Parser error codes. 



Token Name 


MP^G j 


JP5G 


H.2S1 j 


ERR.nO.ERROR 


' ! 


/ 


' \ 


ERR.EXTENSION.TOKEN 


' \ 




I 


ERR.EXTENSION.OATA 


/ 


' I I 


ERR.USERJTOKEN 


/ 




ERR.USSR.OATA 






! ! 


ERR„P5PARE 


I i - i 


SRRJ3SPARE 


! 






£RR_PTYP£ 






j ERR.JPEG.PRAME 




/ i ! 


ERR.JP EG _PRAM£ .LAST 


I ' ! 


ERR.JPSG.SCAN 




' I 



Tabie A.14.13 Parser error codes and the different standards 



Additional decoding recognizes when symbols like EOB and 
ZRL are * downloaded so that the Huffman Index number 
registers can be automatically loaded* 

Regarding the bit counter, a comparator detects when the 
5 correct number of bits have been read when reading a FLC. 

B.2.2.6.2 Description of "hddp" 

Comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob[7:0] and mzr[7;0]) select which value to 
10 use and the exclusive-or gates and gating constitute the 
CI comparators. 

JJt Adders and registers directly evaluate the equations 

\| described in Section B.2.2.1. No further description is 

j£ thought necessary here. An exclusive or is used for 

JiJ 15 inverting the data (i_307) described in Section B. 2. 2. 1.1. 
yj The "code" register is 12 bits wide. A multiplexing 

s arrangement implements the "ring" substitution described in 

pi. Section B. 2. 2. 1.2. 

N :: Regarding the pipeline delays for data and multiplexing 

2 0 between decoded serial data (index[7:0]) and Token data 
( ntokenO ( 7 : 0 ] ) , the Huffman index value is decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 

2 5 because the table select information arrives late. All 

tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram" . 

3 0 B.2.2.6.3 Description of "hdatdo" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
3 5 Formatter. It only processes about half of the instruction 
word that is passed to the ALU , the remainder being dealt 
with by the other module "hdstmod". 
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A. 14.*- aeceiving User and Extension data 

MPEG and JPEG use similar mechanisms to embed user and 
extension data. The data is preceded by a start/marker 
code. The Start Code Detector can be configured to delete 
5 this data (see A. 11.3.3) if the application has no interest 
in such data. 

A. 14. 6.1 Identifying the source of the data 

The Parser events, ERR_EXTENSION_T0KEN and 
ERR_USER_TOKEN, indicate the arrival of the EXTENSION_DATA 

10 or USER_DATA Token at the Video Demux. If these Tokens 
have been generated by the Start Code Detector, (see 
A . 1 1 . 3 * 3 ) they will carry the value of the start/marker 
code that caused the Start Code Detector to generate the 
Token (see Table A. 11. 4). This value can be read by 

15 reading the rom_revision register while servicing the 

Parser interrupt. The Video Demux will remain halted until 
1 is written to parser_event (see A . 6 . 3 , "Interrupts") . 
A. 14. 6. 2 Reading the data 

The EXT ENS I 0N_D AT A and USERJDATA Tokens are expected to 

20 be immediately followed by a DATA Token carrying the 

extension or user data. The arrival of this DATA Token at 
the Video Demux will generate either an ERR_EXTENSION_DATA 
or an ERRJJSER_DATA Parser event. The first byte of the 
DATA Token can be read by reading the rom_revision register 

25 while servicing the interrupt. 

The state of the Video Demux register, continue, 
determines behavior after the event is cleared. If this 
register holds the value 0, then any remaining data in the 
DATA Token will be consumed by the Video Demux and no 

3 0 events will be generated. If the continue is set to 1, an 
event will be generated as each byte of extension or user 
data arrives at the Video Demux. This continues until the 
DATA Token is exhausted or continue is set to 0. 
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Nortr: * 

1) The first byte of the extension/user data 

is always presented via the rom_revision 
register regardless of the state of 
^ 5 ' continue. 

2) There is no event indicating that the last 

byte of extension/user data has been 
read . 

A. 14.7 Receiving Extra Information 

10 H.261 and MPEG allow information extending the coding 

standard to be embedded within pictures and groups of 
blocks (H.261) or slices (MPEG). The mechanism is 
different from that used for extension and user data 
(described in Section A . 14 . 6 ) . No start code precedes the 

15 data and, thus, it cannot be deleted by the Start Code 
Detector . 

During H.261 operation, the Parser events ERR_PSPARE and 
ERR_GSPARE indicate the detection of this information. The 
corresponding events during MPEG operation are 
2 0 ERR_EXTRA_PICTUR£ and ERR_EXTRA_5LICE . 

When the Parser event is generated, the first byte of 
the extra information is presented through the register, 
rom_revision . 

The state of the Video Demux register, continue, 
25 determines behavior after the event is cleared. If this 
register holds the value 0, then any remaining extra 
information will be consumed by the Video Demux and no 
events will be generated. If the continue is set to 1, an 
event will be generated as each byte of extra information 
30 arrives at the Video Demux. This continues until the extra 
information is exhausted or continue is set to 0. 

NOTE: 

l)The first byte of the extension/user data is 
always presented via the rom revision 
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— ^ register regardless of the state of 
continue . 

2) There is no event indicating that the last 
byte of extension/user data has been 
5 read. 

A* 14. 7,1 Generation of the FIELD_INFO Token 

During MPEG operation, if the register field_info is set 
to 1, the first byte of any extra_inf ormation_picture is 
placed in the FIELD_lNFO Token. This behavior is not 
10 covered by the standardization activities of MPEG. Table 
A. 3. 2 shows the definition of the FIELD_INFO Token. 

If field_info is set to 1, no Parser event will be 
generated for the first byte of extra_inf orroation^picture . 
However, events will be generated for any subsequent bytes 
15 of extra_inf ormat ion_picture ♦ If there is only a single 
byte of extra_inf ornation_picture, no Parser event will 
occur ♦ 

A. 14.8 Changes at the MPEG sequence layer 

The MPEG sequence header describes the following 
20 characteristic of the video about to be decoded: 
* horizontal and vertical size 

■ pixel aspect ratio 

■ picture rate 

- coded data rate 
25 video buffer verifier buffer size 

If any of these parameters change when the Spatial 

Decoder decodes a sequence header, the Parser event 

ERR_MPEG_SEQUENCE will be generated. 

A. 14 ♦ 8.1 Change in picture size 
30 if the picture si2e has changed, the user's software 

should read the values in hori2_pels and vert_pels and 

compute new values to be loaded into the registers 

hcnz rr.acroblocks and vert macroblocks . 
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SECTION A. 15 Spatial Decoding 

In accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 
5 There are three main units responsible for spatial 

decoding: the inverse modeler, the inverse quantizer and 
the inverse discrete cosine transformer. At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients. 

10 At the output {of the inverse DCT) DATA Tokens contain 8x8 
blocks of pixel information. 
A. 15-1 The Inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 

15 of zeros between the coefficients that are represented. 

The Inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coef f icients . 

20 The inverse modelling process is the same regardless of 

the coding standard currently being used. No configuration 
is required. 

For a better understanding of the modelling and inverse 
modelling function all requirements the reader can examine 
2 5 any of the picture coding standards. 
A. 15. 2 Inverse Quantizer 

In an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients. 
In a decoder, the function of the inverse quantizer is to 
30 multiply up these quantized DCT coefficients to restore 
them to an approximation of their original values. 
A. 15.2*1 Overview of the standard quantization schemes 
There are significant differences in the quantization 



326 



schemed »sed by each of the different, coding standards. To 
obtain a detailed understanding of the quantization schemes 
used by each of the standards the reader should study the 
relevant, coding standards documents. 
5 The register iq_coding_standard configures the operation 

of the inverse quantizer to meet the requirements of the 
different standards. In normal operation, this coding 
register is automatically loaded by the CODING_STANDARD 
Token, See section A. 21.1 for more information about coding 

10 standard configuration. 

The mam difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below. 
There are also detail differences in the arithmetic 

15 operations required (rounding etc.), which are not 
described here, 
A. 15.2.1.1 H.261 10 overview 

In H.261, a single "scale factor 1 ' is used to scale the 
coefficients. The encoder can change this scale factor 

20 periodically to regulate the data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. IS. 2. 1.2 JPEG 10 overview 

Baseline JPEG allows for a picture that contains up to 4 
25 different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
3 0 contained in the coded JPEG data and will be loaded 
automatically into the quantization tables.* 
A. IS. 2. 1,3 MPEG 10 overview 

MPEG uses both H.261 and JPEG quantization techniques. 
Like JPEG , 4 quantization tables, each with 64 entries, can 
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be U5rt.« However, use of the rabies is quite different. 

Two "types" of data are considered: intra and non- 
mtra. A different table is used for each data type. Two 
"default" tables are defined by MPEG. One is for use with 
^ 5 intra data and the other with non-intra data (see Table 
A. 15.2 and Table A . 15 . 3 ) * These default tables must be 
written into the quantization table memory of the Spatial 
Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables. 
10 One is for use with intra data and the other with non-intra 
data. The values for these tables are contained in the 
MPEG data stream and will be loaded into the quantization 
table memory automatically. 

The value output from the tables is modified by a scale 
15 factor. 

A. 15.2.2 Inverse quantizer registers 



Register name 


i 

55 


• 

« 

VI 

e 

c 


Dcscnotton 


to^access 


1 

fw 


0 


This access ok stops tne operation of tne inverse auanuser so that -is 
various registers can oe accessed re'taoiy See A. 6.4.1 




2 

rw 


0 


Thts register configures :ne cooing stanca/c uses By tne inverse 
ouanfcser. The register can se loaces Erectly or cy a 
CODING.STANO ARD Token. See A.21 . 1 


iQ.wyfiota.aodf ess 


8 

rw 


X 


Keyr*o*e access to tne wh»cn notes trie * cvanuser :ao*es. Se* a 5 - 3 
(Of more information aboui accessing roisters wveug.i a 


j iq.keynoie.Oata 

j 


8 

rw 


X 


keyhole. 



Table A. 15.1 Inverse quantizer registers 
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In tti^present invention, the iq_access register must be 
set before the quantization table memory can be accessed. 
The quantization table memory will return the value zero if 
an attempt is made to read it while iq_access is set to 0. 
5 A. 15.2.3 Configuring the inverse quantizer 

In normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the COD I NONSTANDARD Token. 

For H.261 operation, the quantizer tables are not used. 
10 No special configuration is required. For JPEG operation, 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
15 tables are loaded. This should be done while iq_access is 
set to 1. The values in Table A. 15.2 should be written 
into locations 0x00 to 0x3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq_keyhole_data ) . 
20 Similarly, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the inverse quantizer's 
extended address space. 
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| ",.0* 




| *<o 


T~ 




0 


8 


16 


27 




I 


1 


16 


17 


27 


33 


29 


f 2 

\ 


16 


1B 


25 


34 


27 


3 


19 


19 


26 


35 


27 


4 


16 


20 


26 


36 


I 29 


5 


19 


21 


26 


37 


29 


6 


22 


22 


27 


38 




7 


22 


23 


27 


39 




8 


22 


24 


27 


40 




• 


22 


25 


29 


41 


34 


10 


22 


26 


29 


42 


37 


11 


22 


27 


29 


40 


36 


12 


26 


28 


34 


44 


37 


13 


24 


29 


34 


45 


35 


14 


26 


30 


34 


46 


35 


15 




31 


29 


47 I 


34 l 




Table A. 15.2 Default MPEG table for intra coded blocJcs 

a. Offset from start of quantization table 

memory 

b. Quantization table value. 
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™"* *•'« °«<«* MPEG t UI< for non-intr. e0<1 « a Blocks 



Ais.j.i configuring taeie, £„„ Tolc.ns 

As an alternative to =c„ figuring th . inv<rse 

Tne QUANT.TABtr ToRen is described in Table A . 3 . 2 . It 

r^r, 6 " " " niCh SPeCUi « ° £ «- « (0 to 

3) table location, is defined by th , ^ 

A. 15.2.5 quantization table values 

For both JPEG and MPFr, <-h« _ 
* MPEG ' the quantization table entries 

are 3 bit numbers. The values 2=s r« , 

-lue 0 ls Ul.oal. ' " 1 Th * 

a.w.j. , Nuab . r ora.rin, of quantization 
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The^-qimntization table values are used in "zig-zag" scan 
order (see the coding standards) . The tables should be 
viewed as a one dimensional array of 64 values (rather than 
a 8x8 array) . The table entries at lower addresses 
correspond to the lower frequency OCT coefficients. 

When quantization table values are carried by a 
QUANT_TABL£ Token, the first value after the Token header 
is the table entry for the "DC" coefficient. 
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A.1 5.2.7 Inverse quantizer test registers 



Register Name 


Size/Dir. 


Reset State 


Description 


iq_quant_scale 


5 

rw 




This register holds the current value of the quantisation scale factor. 
It is loaded by the QUANT_SCALE Token. This is not used during 
JPEG operation 


iq_component 


2 
rw 




This register holds the two bit component ID taken from the most 
recent DATA token head. This value is involved in the selection of 
the quantiser table. 

The register will also hold the table ID after a QUANT_TABLE Token 
arrives to load the table. 


iq_prediction_mo 
de 


2 
rw 




This holds the two LSBs of the most recent PREDICTION_MODE 
Token. 


iqjpeg_indirecti 
on 


8 
rw 




This register relates the two bit component ID number of a DATA 
Token to the table number of the quantisation table that should be 
used. Bits 1:0 specify the table number that will be sued with 
component 0 Bits 3:2 specify the table number that will be sued with 
component 1 

Bits 5:4 specify the table number that will be sued with component 2 
Bits 7:6 specify the table number that will be sued with component 3. 
This register is loaded by JPEG_TABLE_SELECT Tokens 


iq_mpeg_jndirect 
ion 


8 

rw 


0.00 


This two bit register records whether to use default or down loaded 
quantisation tables with the intra and non-intra data. 

A 0 in the bit position indicates that the default table should be 
used. A.1 indicates that a down loaded table should be used. Bit 0 
refers to intra data. Bit 1 refers to non-intra data This register is 
normally loaded by the Token MPEG_TABLE SELECT 



Table A.1 5.4 Inverse quantizer test registers 



A.15.>~ inverse Discrete Cosine Transform 

The inverse discrete transform processor of the present 
invention meets the requirements set out in CCITT 
recommendation H.261, the IEEE specification P1180 and 

5 complies with the requirements described in current draft 
revision of MPEG. 

The inverse discrete cosine transform process is the 
same regardless of which coding standard is used. No, 
configuration by the user is required. 

0 There are two events associated with the inverse 

discrete transform processor. 



Regisier name 


i 

** 

V) 


* 

05 
• 

& 


i 

Description j 


tdctjoojew.evem 

i 


1 

rw 


0 


The invtr$« OCT requires that ait 0 ATA Tokens contain eiacrty 54 
values, if less IHin 64 viiues an lound then me toe-few event <*<u y* 
generated, if the mas* raster is set to i then an interrupt can 
generated and the inverse OCT will hall 

This event should only occur following an error m she coded eau. ' 


»ocr_too_few.mask 


1 

rw 


0 


ldct_toc.many_evenl 


1 

rw 


0 


The fnverse OCT requires that alt OATA Tokens contain exactly 5* ! 
vaiues. if more thin $4 values are found then the too-many event wttt oe ' 

i 

generated, if the mask register ts set to t then an interrupt can o* 1 

I 

generated and the inverse OCT mil hail 1 
Thts event should only occur following an error m me coded data. 


ldc:_too_many_matk 


1 

rw 


0 



Tafcie A.15.5 inverse OCT event registers 



For a better understanding of the OCT and inverse DCT 
function the reader can examine any of the picture coding 
5 standards. 
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SECTION A- 16 Connecting to the output of Spatial 
Decoder 

The output: of the Spatial Decoder is a standard Token 
Port with 9 bit wide data words. See Section A . 4 for more 
information about the electrical behavior of the interface. 

The Tokens present at the output will depend on the 
coding standard employed. By way of example, this section 
of the disclosure looks at the output of the Spatial 
Decoder when configured for JPEG operation. This section 
also describes the Token sequence observed at the output of 
the Temporal Decoder during JPEG operation as the Temporal 
Decoder doesn't modify the Token sequence that results from 
decoding JPEG. 

However, MPEG and K.261 both require the use of the 
Temporal Decoder. See section A. 19 for information about 
connecting to the output of the Temporal Decoder when 
configured for MPEG and H.261 operation. 

Furthermore, this section identifies which of the Tokens 
are available at the output of the Spatial Decoder and 
which are most useful when designing circuits to display 
that output. Other Tokens will be present, but are not 
needed to display the output and, therefore, are not 
discussed here. 

This section concentrates on showing: 

- How the start and end of sequences can 

be identified. 
• How the start and end of pictures can be 
identified. 

-How to identify when to display the picture. 
•How to identify where in the display the 
picture data should be placed. 
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A.ic.i structure of jtbo pictures 

This section provides an overview of some features of 
the JPEG syntax. Please refer to the coding standard for 
full details. 

JPEG provides a variety of mechanisms for encoding 
individual pictures. JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance with the present 
invention, supports JPEG's baseline sequential mode of 
operation. There are three main levels in the syntax: 
Image, Frame and Scan. A sequential image only contains a 
single frame. A frame can contain between l and 256 
different image (color) components. These image components 
15 can be grouped, in a variety of ways, into scans. Each 
scan can contain between 1 and 4 image components (see 
Figure 81 "Overview of JPEG baseline sequential 
structure") . 

If a scan contains a single image component, it is non- 
20 interleaved, if it contains more than one image component, 
it is an interleaved scan. A frame can contain a mixture 
of interleaved and non- interleaved scans. The number of 
scans that a frame can contain is determined by the 256 
limit on the number of image components that a frame can 
25 contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.261. These MCUs are raster 
ordered within a picture, in a non-interleaved scan, the 
MCU is a single 8x8 block. Again, these are raster 
organized. 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 
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decoded. However, some reconfiguration between scans may 
be required to accommodate the next set of components to be 
decoded . 

A.Xi.2 Token sequence 

5 The JPEG markers codes are converted to an analogous 

MPEG named Token by the Start Code Detector (see Table 
A. 11 • 4 , see Fig, 82 "Tokenized JPEG picture") • 
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SECTION A.17 Temporal Decoder. 

• 30 MH, operation 

•Provides temporal decoding for MPEG & H.261 video decoders 
H.261 CIF and QCIF formats 
5 * MPEG video resolutions up to 704x480, 30 Hz, 4:2:0 

• Flexible chroma sampling formats 

■ Can re-order the MPEG picture sequence 
•Glue-less DRAM interface 

• Single +5V supply 

10 ■ 208 pin PQFP package 

•Max. power dissipation 2 . 5W 

• Uses standard page mode DRAM 

The Temporal Decoder is a companion chip to the Spatial 
Decoder, It provides the temporal decoding required by 
15 H.261 and MPEG . 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H.261. With a single 
4 Mb DRAM (e.g., 512 k x S) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
20 k x 16) the 704 x 480, 30H2, 4:2:0 MPEG video can be 
decoded . 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG) . If included in a multi-standard 
decoder, the Temporal Decoder will pass decoded JPEG 

25 pictures through to its output. 

Note: The above values art merely illustrative, by way of 
example and not necessarily by way of limitation, of one 
embodiment of the present invention. It will be 
appreciated that other values and ranges may also be used 

20 without departing from the invention. 
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A. 17.1 Temporal Decoder Signals 



Signal Name 


I/O 


Pin Number 


Description 


in_data[8:0] 




173, 172, 171, 169, 168, 167, 166, 164, 163 


Input Port. This is a standard two wire 


in_extn 




174 


■ interface normally connected to the 


in_valid 




162 


- Output Port of the Spatial Decoder 
See sections A 4 and A. 181 


in_accept 


0 


161 




enable [1*0] 




126, 127 


Micro Processor interface (MP I) 


rw 




125 




addr[7:0] 




137, 136, 135, 133, 132, 131, 130, 128 




data[7:0] 


o 


152, 151, 149, 147, 145, 143, 141, 140 


See A.6.1. on page 69 


irq 


0 


154 




DRAM_data[31:0] 


I/O 


15, 17, 19, 20, 22, 25, 27, 30, 31, 33, 35, 
38, 39, 42, 44, 47, 49, 57, 59, 61 , 63, 66 
68, 70, 72, 74, 76, 79, 81, 83, 84, 85 


DRAM Interface. 
See section A. 5. 2 


DRAM_addr[10:0] 


0 


184, 186, 188, 189, 192, 193, 195, 197, 
199. 200, 203 




RAS 


0 


11 




CAS 1*3:01 


o 


2, 4,6, 8 




WE 


0 


12 




OF, 








DRAM_enable 


1 


112 




ouLdata[7:0] 


0 


89, 90, 92, 93, 94, 95, 97, 98 


Output Port this is a standard two 


r\ t if aufn 

Ulil cXU l 


u 


87 


wviic if lid j a^t? 


out_valid 


o 


99 


See sections A 4 


out_accept 


1 


100 


tck 


1 


115 


JTAG port. 


tdi 


1 


116 


tdo 


0 


120 


See section A 8 


tms 


1 


117 




trst 


1 


121 




decoder clock 


1 


177 


The main decoder clock See Tabie 


reset 


1 


160 


Reset. 



Table A.17.1 Temporal Decoder signals (contd) 
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St^nai Name 


«0 


Ptn Num. 


Cescnotton 


tpriOtsn J J j 122 


II override ■ i then tpftGiSfi ana tpftiisn sr« .r.cuts :or ;re m<--c 
two pnase cioc*c. 

For normal ooeratton set override * 0. tpnOtsn anc :pft t are 
ignored ($o connect to GNO of V 00 ). 


tpniish 


l ) 123 


override 


1 


110 


entpt«*t 


{ 


ui Set cnipttst » 0 for normal operation. 


tiooo 1 


1U 


Connect to GNO or V 00 dung normal opera;en. 


ramtest 


l 


109 


if ramteet * 1 lest of the on-cmo RAfc<s h erased 
Set ramtest » 0 for normaJ operation. 


piiseiect 


1 


178 


If pJlse*eei « 0 the orxftip phase ioctced focrs a/e ctsasted. 
Set pll«e*ect * 1 for normal operaoon. 


ti \ 


180 


Two docKs required Py trie ORAM tntertace curing its; zztrr.^n 
Connect to GND or V 0 q dunng normal ooera^cn. 


to 


1 


179 


pdout 


0 


207 


These (wo ptns are connections for an 
e*ternaf filter for the pnase tec* toop. 


5dm i 


206 



Table A. 17 , 2 Temporal Decoder Test signals 



Signal Name 


Pm 


Signal Name 


Ptn 


Signal Name 


Ptn 


Signai Name 




nc 


208 


nc 


156 


nc 


104 




52 


test ptn 


207 


nc 


155 


nc 


103 




51 


test pm 


206 


irq 


154 


nc 


102 




50 


GNO 


20S 


nc 


153 


V00 


101 


C^AM.oa:a(i5i 


*9 


OE 


204 


data[7] 


152 


out.acceot 


100 


nc 


43 


ORAM.aearfOI 


203 


data(6] 


15! 


ou^vaid 


99 


0RAM_3aia{t6j 


47 




202 


nc 


150 


out.oata(0j 


96 


nc 


45 


nc 


201 




ug 


ooLdaiaOl 


97 


GNO 


45 


DRAM^adarttJ 


200 


nc 


U6 


GNO 


M 


CPAW.ia:a[i7] 




ORAW_addr(2! 


199 


cata{4} 


147 


out_eaa(2] 


9S | 


nc 


40 


GNO 


198 


GNO 


U6 


out.daa(31 


9- | 


ORAM.datafiS) 




0RAW.asdr(31 


197 


cata(3] 


US 


out_data(4) 


93 | 


v^o 


At 


nc 


196 


nc 


144 


out.oao^S] 


92 | 


nc 





Table A.17.3 Temporal Decoder Pin Assignments 




[ 0**M-aqgrH tag | addr(7] 



66 



OfUM^addrfSj 




last pm 



L 



179 •naot*(Oj 



129 f nc 
128 ) DRAM,gata(5) 76 



2«* 



test ptn 



178 



tnaonfij 



176 



GNO 



175 



•n.satafSJ 



T74 



GND 



127 nc 7s " " 

126 1 74 [ CPAM^ a(a/27] ^" 



(•St pin 



12* [ 0fiA At,cata(7] 72 
nc 7| 



123 



ttst pin 



^22 [ PRAM_5ata(8j 70 



0=>A,Vi.eata{23] 20 
CSAW_cata(29l « 9 



GNO 




Table A 



^ ORAw_-a U(U ) S7 

1 *wo 

.17.3 Temporal O«coder Pin Ass.gnments (contd) 
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Signal Nam* 


Pin 


Signal Nama 


Pin 


S*gnai Nam* 


Pin 


StgnaJ Nam* 


Pm ! 




1*0 


nc 


106 


vOO 


56 




4 ) 


VOO 




nc 


107 


nc 


55 


nc 


3 


nc 


1S8 


nc 


106 


nc 


54 


Ca3<3| 


2 ; 


nc 


157 


nc 


105 


nc 




nc 


1 



Table A. 17. 3 Temporal Decoder Pin 
w Assignments (contd) 

A, 17.1.1 "nc" no connect pins 

fi § 

l *l The pins labelled nc in Table A- 17.3 are not currently 

yj 5 used in the present invention and are reserved for future 

f products. These pins should be left unconnected. They 

r s* % should not be connected to V UD , GND, each other or any 

other signal. 
St A. 17. 1.2 v 00 and GKD pins 

y, 10 As will be appreciated all the V 0D and GND pins provided 

must be connected to the appropriate power supply. The 
device will not operate correctly unless all the V DD and 
GND pins are correctly used* 

A. 17. 1.3 Test pin connections for normal operation 

15 Nine pins on the Temporal Decoder are reserved for 

internal test use. 



Pin numoar 


Connacson ) 




Connaci to GNO for normal ootraflon j 




Connact to V 00 /or normal ootranon j 




If *va Oo#n Circuit (or normal oparaoon | 



Table A. 17. 4 Default test pin connections 
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A. 17.**. JTAG pifts for normai op ^ ration 

See Section A.8. 1. 



Atftfr. (hex) 



*e$»ster Name 



See ;ar* 




Oxn ... dp j Not 

0x20 ...Qxg g j DRAM»nter^ c=rr,cur^^..^ 



0x2F...Ox3P 



Not used 



0**0 ...0x53 j Buffer c onfiguration 
0x54 .„ 0x5F 



A 173 



NO( USed 



0*50 ...OxFF | reregisters 



a :7 11 



T«*l. A. 17. 5 Overview of Temporal Decoder 







memory map 


(hex) 


Bit 
num. 


Register Name 


?age references 

i 


0x00 


7 


cftip.event , 




S3 


not used | 


f 

t 




1 


cftip.ttopped.tvent j 




0 


count.trror.evtnt | j 


0x01 


7 


eiiip_mesk | 1 ; 




$2 


not used s 




1 


cftip .stopped, mat k | 






count_errof_m«* ^ 





.*«xe A. 17.6 Jnt 



•rrupt service area registers 
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(hex) 


3<t 
num. 


P easier Name 


1 

Pa^e reierercss j 


0*06 


7.i j not used | ! 




0 


efiip .access 


j 



Table A, 17* 7 Chip access register 





Btt 

num. 


Register Nam* 


?a$e references 


0*10 


7:J 


not used j | 


0 


MP£G_feefd«nng j 1 



Table A. 17. 8 Picture sequencing 




3:1 | CAS.»trtngtn(3:0] 



*AS_*xrtngth(3l 



Table A. 17. 9 DRAM interface confi OU r.f 

<=onxigur»tion registers 
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MUCH. 

(hex) 


Bit 
KIT 

num. 


Register Name 


Page 
references 


0x28 


7 


not used 




6:4 


DRAM_addr_strength[3:0] 




3:1 


CAS_strength[3:0] 




0 


RAS_strength[3] 




0x29 


7:6 


RAS_strength[2:0] 




5:3 


OEWE_strength[3:0] 






u kam_o ata_s tre n g t n [ o . u J 




Ox?A 


70 


refresh interval 




0x2 B 


7:0 


not used 




0x2C 


7:6 


not used 






5 


DRAM enable 




4 


no_refresh 




3:2 


row_address_bits[1 :0] 




1:0 


DRAM_data_width[1:0] 




0x2D 


7:0 


not used 




0x2E 


7:0 


Test registers 




Table A.17.9 DRAM interface configuration registers (contd) 



Addr. 
(hex) 



0x40 



0x41 



0x42 



0x43 



0x44 



0x45 



0x46 



0x47 



Bit 
num. 



Register Name 



7:0 



7:2 



1:0 



7:0 



7:0 



7:0 



7:2 



1:0 



7:0 



7:0 



not used 



picture.J>uffer_0[1 7:0] 



not used 



picture_buffer_1 [1 7:0] 



Page references 



Table A.17.10 Buffer configuration registers 
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Addr 


Bit 


Register Name 


Page references 


mexj 


num 






0x48 


7:0 


not used 




0x49 


7.1 








0 


component offset 0[16 0] 




Civ A A 
UX4A 


7.0 




0x4B 


7:0 






0x4 C 


7:0 


not used 




0x4D 


7-1 








0 


component_offset_1[16 0] 




0x4 E 


7-n 

/ .u 






0x4F 


7:0 






0x50 


7:0 


not used 




0x51 


7:1 








0 


component_offset_2[1 6 0} 




0x52 


7:0 






0x53 


7:0 






Table A.17.10 Buffer configuration registers (contd) 


Addr. 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x2E 


7... 4 


PLL resistors 






3...0 






0x60 


7... 6 


not used 






5... 4 


codmg_standard[10] 






3... 2 


picture_type[1:0] 






1 


H261Jift 






0 


H261_s_f 




0x61 


7... 6 


componentjd 






5... 4 


prediction_mode 






3... 0 


max_sampling 




0x62 


7... 0 


samp_h 




0x63 


7... 0 


samp_v 




Table A.17.11 Test registers 
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Addr 
(hex) 


Bit 
num. 


Register Name 


Page references 


0x64 


7...0 


back_h 




0x65 


7... 0 




0x66 


7... 0 


back_v 




0x67 


7... 0 




0x68 


7... 0 


forw_h 




0x69 


7... 0 




0x6A 


7 ... 0 


forw_v 




0x6B 


7...0 




0x6C 


7... 0 


widthjn_mb 




0x6D 


7... 0 


- 





Table A.17.11 Test registers (contd) 
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SECTION A.18 Temporal Decoder Operation 

A.li.l Data input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit wide data words. In most 
applications, this will be connected directly to the output 
Token Port of the Spatial Decoder. See Section A, 4 for 
more information about the electrical behavior of this 
interface. 

A. It* 2 Automatic configuration 

Parameters relating to the coded video's picture format 
are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder, 



Token 


Configuration performed 


CO0XMG_STA»a>AJU) 


The coding standard of the Temporal 
Decoder is automatically configured by the 
COD I NG_ STANDARD Token. Thia ia generated 
by tha Spatial Decoder each time a new 
sequence is started. See Figure 56 


DEFINE SAMPLING 


The horizontal and vertical chroma 
•amp ling information for each of the color 
components ia automatically configured by 
DEriKE_SAXPX.IMG Tokena . 


J BORX20MTAL_MBS 


The horizontal width of pictures in macro 
blocks is automatically configured by 
BORIIOKTALKBS Token. 



Table A, 18.1 Configuration of Temporal 
Decoder vie Tokens 
A* 18.3 Manuel configuration 

The user must configure (via the microprocessor 
interface) application dependent factors. 



A. 18 • 3arsL » when to configure 

The Temporal Decoder should only be configured when no 
data processing is taking place. This is the default state 
after reset is removed. The Temporal Decoder can be 
stopped to allow re-configuration by writing 1 to the 
chip_access register. After configuration is complete, 0 
should be written to chip_access. 

See Section A . 5 . 3 for details of when to configure the 
DRAM interface. 

A. 18,3.2 DRAM interface 

The DRAM interface timing must be configured before it 
is possible to decode predictively coded video (e.g., H.261 
or MPEG). See Section A . 5 , "DRAM Interface". 
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r\cytdici iTtdiitts 




I Size/Dir. I 




I Reset Slate I 


Description 


chip_access 


1 


1 


Writing 1 to chip_access requests that the Temporal Decoder halt operation to 
allow re-configuration. The Temporal Decoder will continue operating normally 
until it reaches the end of the current video sequence After reset is removed 
chip_access=1 i.e. the Temporal Decoder is halted. 

When the chip stops a chip stopped event will occur. If chip_stopped_mask = 1 
an interrupt will be generated. 


chip_stopped_event 


1 


0 


chip_stoppedjmask 


1 


0 


count_error_event 


1 

rw 


0 


The Temporal Decoder has an adder that adds predictions to error data, if there 

is a difference between the number of error data bytes and the number of 

prediction data bytes then a count error event ts generated 

If count_error_mask = 1 an interrupt will be generated and prediction forming will 

stop. 

This event should only arise following a hardware error. 


count_error_mask 


1 

rw 




picture_buffer_0 


18 


X 


These specify the base addresses for the picture buffers 


picture_buffer_1 


18 


X 


component_pffset_0 


17 


X 


These specify the offset from the picture buffer pointer at which each of the 
colour components is stored. Data with component ID = n is stored starting at 
the position indicated by component__offset_n See A 3.5.1, "Component 
Identification number" 


component_offset_1 


17 
rw 


X 


component_offset_2 


17 


X 


MPEG_recording 


1 

rw 


0 


Setting this register to 1 makes the Temporal Decoder change the picture order 
from the non-causal MPEG picture sequence to the correct display order by the 
See A.1 8.3.5 . This register should is ignored during JPEG and H.261 operation 



Table A.1 8.2 Temporal Decoder registers 
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A.18.3.3 Numbers in picture buffer registers 

The picture buffer pointers (18 bit) and the component offset 
(17 bit) registers specify a block (8x8 bytes) address, not a byte 
address. 

A.1 8.3.4 Picture buffer allocation 

To decode predictively coded video (either H.261 or MPEG) 
the Temporal Decoder must manage two picture buffers. See 
Section A. 18.4 and A. 18.4.4 for more information about how these 
buffers are used. 

The user must ensure that there is sufficient memory above 
each of the picture buffer pointers (picture_buffer_0 and 
picture_buffer_1) to store a single picture of the required video 
format (without overlapping with the other picture buffer). 
Normally, one of the picture buffer pointers will be set to 0 (i.e., the 
bottom of memory) and the other will be set to point to the middle 
of the memory space. 

A.1 8.3.4.1 Normal configuration for MPEG or H.261 

H.261 and MPEG both use a 4:1:1 ratio between the 
different color components (i.e., there are 4 times as many 
luminance pels as there are pels in either of the chrominance 
components). 

As documented in Section A.3.5.1, "Component 
Identification number", component 0 will be the luminance 
component and components 1 and 2 will be chrominance. 

An example configuration of the component offset registers 
is to set component_offset_0 to 0 so that component 0 starts at the 
picture buffer pointer. Similarly, component_offset_1 could be set 
to 4/6 of the picture buffer size and component_offeet_2 could be 
set to 5/6 of the picture buffer size. 
A.18.3.5 Picture sequence re-ordering 
MPEG uses three different picture types: Intra (I), 
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Predicted (P) and Bidirectionally interpolated (B). B pictures are 
based on predictions from two pictures: one from the future and 
5 one from the past. The picture order is modified at the encoder so 
that I and P picture can be decoded from the coded date before 
they are required to decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can provide this 

10 picture re-ordering (by setting register MPEG_reordering =1). 
Alternatively, the user may wish to implement the picture re- 
ordering as part of his display interface function. Configuring the 
Temporal Decoder to provide picture re-ordering may reduce the 
video resolution that can be decoded, see Section A. 18.5. 

15 A.18.4 Prediction forming 

The prediction forming requirements of H.261 decoding and 
MPEG decoding are quite different. The CODI NONSTANDARD 
Token automatically configures the Temporal Decoder to 
accommodate the prediction requirements of the different 

20 standards. 

A.18.4.1 JPEG Operation 

When configured for JPEG operation no predictions are 
performed since JPEG requires no temporal decoding. 
A.1 8.4.2 H.261 Operation 

25 In H.261, predictions are only from the picture just decoded. 

Motion vectors are only specified to integer pixel accuracy. The 
encoder can specify that a low pass filter be applied to the result of 
any prediction. 

As each picture is decoded, it is written in to a picture buffer 
30 in the off-chip DRAM so that it can be used in decoding the next 
picture. Decoded pictures appear at the output of the Temporal 
Decoder as they are written into the off-chip DRAM. 

For full details of prediction, and the arithmetic 
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operations involved, the reader is directed to the H.261 standard. The Temporal 
Decoder of the present invention is fully compliant with the requirements of H.261 

A. 18.4.3 MPEG Operation (without re-ordering) 

The operation of the Temporal Decoder changes for each of the three different 
MPEG picture types (l ( P and B). 

"I" pictures require no further decoding by the Temporal Decoder, but must be 
stored in a picture buffer (frame store) for later use in decoding P and B pictures. 

Decoding P pictures requires forming predictions from a previously decoded P or 
I picture. The decoded P picture is stored in a picture buffer for use in decoding P and 
B pictures. MPEG allows motion vectors specified to half pixel accuracy. On-chip filters 
provide interpolation to support this half pixel accuracy. 

B pictures can require predictions from both of the picture buffers. As with P 
pictures, half pixel motion vector resolution accuracy requires on chip interpolation of the 
picture information. B pictures are not stored in the off-chip buffers. They are merely 
transient. 

All pictures appear at the output port of the Temporal Decoder as they are 
decoded. So, the picture sequence will be the same as that in the coded MPEG data 
(see the upper part of Figure 85). 

For full details of prediction, and the arithmetic operations involved, the reader is 
directed to the proposed MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 

A.1 8.4.4 MPEG Operation (with re-ordering) 

When configured for MPEG operation with picture re-ordering 
(MPEG_reordering = 1), the prediction forming operations are as described above in 
Section A. 18.4.3. However, additional data transfers are performed to re-order the 
picture sequence. 
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B picture decoding is as described in section A. 18.4.3. However, I and P 
pictures are not output as they are decoded, instead, they are written into the off-chip 
buffers (as previously described) and are read out only when a subsequent I or P 
picture arrives for decoding. 

A.18.4.4.1 Decoder start-up characteristics 

The output of the first I picture is delayed until the subsequent P (or I) picture 
starts to decode. This should be taken into consideration when estimating the start-up 
characteristics of a video decoder. 

A. 18. 4.4.2 Decoder shut-down characteristics 

The Temporal Decoder relies on subsequent P or I pictures to flush previous 
pictures out of its off-chip buffers (frame stores). This has consequences at the end of 
video sequences and when starting new video sequences. The Spatial Decoder 
provides facilities to create a "fake" l/P picture at the end of a video sequence to flush 
out the last P (or I) picture. However, this "fake" picture will be flushed out when a 
subsequent video sequence starts. 

The Spatial Decoder provides the option to suppress this "fake" picture. This 
may be useful where it is known that a new video sequence will be supplied to the 
decoder immediately after an old sequence is finished. The first picture in this new 
sequence will flush out the last picture of the previous sequence. 

A.18.5 Video resolution 

The video resolution that the Temporal Decoder can support when decoding 
MPEG is limited by the memory bandwidth of its DRAM interface. For MPEG, two 
cases need to be considered: with and without MPEG picture re-ordering. 

Sections A. 18.5.2 and A. 18.5.3 discuss the worst case requirements required by 
the current draft of the MPEG specification. Subsets of MPEG can be envisioned that 
have 
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lower memory bandwidth requirements. For example, using only integer resolution 
motion vectors or, alternatively, not using B pictures, significantly reduce the memory 
bandwidth requirements. Such subsets are not analyzed here. 

5 A. 18.5.1 Characteristics of DRAM interface 

The number of cycles taken to transfer data across the DRAM interface depends 
on a number of factors: 

• The timing configuration of the DRAM interface to suite the DRAM employed 

• The data bus width (8, 16 or 32 bits) 
10 • The type of data transfer: 

• 8x8 block read or write 

• for prediction to half pixel accuracy 

• for prediction to integer pixel accuracy 

See section A.5, "DRAM Interface", for more information about the detail 
1 5 configuration of the DRAM interface. 



Table A. 18.3 shows how many DRAM interface "cycles" are required for each type 
of data transfer. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


1 page address + 64 
transfers 


4 page address + 81 
transfers 


4 page address + 64 transfers 


16 


1 page address + 32 
transfers 


4 page address + 45 
transfers 


4 page address + 40 transfers 


32 


1 page address + 16 
transfers 


4 page address + 27 
transfers 


4 page address +24 transfers 



Table A.18.3 Data transfer times for Temporal Decoder 
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Table A. 18.4 takes the figures in Table A. 18.3 and evaluates them for a "typical" 
DRAM. In this example, a 27 MHz clock is assumed. It will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The access start takes 11 ticks 
(102ns) and the data transfer takes 6 ticks (56 ns). 

A.1 8.5.2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B pictures. In a "worst 
case" scenario, the B frame may be formed from predictions from both the picture 
buffers with all predictions being to half pixel accuracy. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


3657 ns 


4907 ns 


3963 ns 


16 


1880 ns 


2907 ns 


2185 ns 


32 


991 ns 


1907 ns 


1741 ns 



Table A.1 8.4 Illustration with "typical" DRAM 



Using the example figures from Table A. 18.4, it can be seen that it will take the 
DRAM interface 3815 ns to read the data required for two accurate half pixel accurate 
predictions (via a 32 bit wide interface). The resolution that the Temporal Decoder can 
support is determined by the number of these predictions that can be performed within 
one picture time. In this example, the Temporal Decoder can process 8737 8x8 blocks 
in a single 33 ms picture period (e.g., for 30 Hz video). 
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If the required video format is 704 x 480, then each picture contains 7920 8 x8 
blocks (taking into consideration the 4:2:0 chroma sampling). It can be seen that this 
video format consumes approx. 91% of the available DRAM interface bandwidth (before 
5 any other factors such as DRAM refresh are taken into consideration). Accordingly, the 
Temporal Decoder can support this video format. 

A.1 8.5.3 MPEG resolution with re-ordering 

When MPEG picture re-ordering is employed the worst case scenario is 
encountered while P pictures are being decoded. During this time, there are 3 loads on 
10 the DRAM interface: 

• form predictions 

• write back the result 

• read out the previous P or I picture 

Using the example figures from Table A. 18.3, we can find the time it takes for 
15 each of these tasks when a 32 bit wide interface is available. Forming the prediction 
takes 1907 ns/n while the read and the write each take 991 ns, a total of 3889 ns. This 
permits the Temporal Decoder to process 8485 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 480 video will use approximately 93% of the available 
memory bandwidth (ignoring refresh). 

20 A.18.5.4 H.261 

H.261 only supports two picture formats CIF (352 x 288) and QCIF (172 x 144) 
at picture rates up to 30 Hz. A CIF picture contains 2376 8 x 8 blocks. The only 
memory operations required are the writing of 8 x 8 blocks and the forming of 
predictions with integer accuracy motion vectors. 



25 



Using the example figures from Table A. 18.4 for an 8 bit wide memory interface t 
it can be seen that writing each block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n, a total of 7620 ns per 
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block. Therefore, the processing time for a single CIF picture is about 18 ms, 
comfortably less than the 33 ms required to support 30 Hz video. 

A.18.5.5 JPEG 

The resolution of JPEG "video" that can be supported will be determined by the 
capabilities of the Spatial Decoder of the invention or the display interface. The 
Temporal Decoder does not affect JPEG resolution. 

A.18.6 Events and Errors 

A.18.6.1 Chip Stopped 

In the present invention, writing 1 to chip_access requests that the Temporal 
Decoder halt operation to allow re-configuration. Once received, the Temporal Decoder 
will continue operating normally until it reaches the end of the current video sequence. 
Thereafter, the Temporal Decoder is halted. 

When the chip halts, a chip stopped event will occur. If chip_stopped_mask=1, 
an interrupt will be generated. 

A.1 8.6.2 Count Error 

The Temporal Decoder, of the present invention, contains an adder that adds 
predictions to error data. If there is a difference between the number of error data bytes 
and the number of prediction data bytes, then a count error event is generated. 

If count__error_mask = 1 an interrupt wiii be generated and forming prediction will 

stop. 

Writing 1 to count_error_event clears the event and allows the Temporal 
Decoder to proceed. The DATA Token that caused the error will then proceed. 
However, the DATA Token that caused the error will not be of the correct length (64 
bytes). This is likely to cause further problems. Thus, a count error should only arise if 
a significant hardware error has occurred. 
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SECTION A.19 Connecting to the output of the 

Temporal Decoder 

The output of the Temporal Decoder is a standard Token Port with 8 bit wide 
data words. See Section A.4 for more information about the electrical behavior of the 
interface. 

The Tokens present at the output of the Temporal Decoder will depend on the 
coding standard employed and, in the case of MPEG, whether the pictures are being re- 
ordered. This section identifies which of the Tokens are available at the output of the 
Temporal decoder and which are the most useful when designing circuits to display that 
output. Other Tokens will be present, but are not needed to display the output and, 
therefore they are not discussed here. 

This section concentrates on showing: 

• How the start and end of sequences can be identified. 

• How the start and end of pictures can be identified. 

• How to identify when to display the picture. 

• How to identify where in the display the picture data should be placed. 
A.19.1 JPEG output 

The Token sequence output by the Temporal Decoder when decoding JPEG 
data is identical to that seen at the output of Spatial Decoder. Recall, JPEG does not 
require processing by the Temporal Decoder. However, the Temporal Decoder tests 
intra data Tokens for negative values (resulting from the finite arithmetic precision of the 
IDCT in the Spatial Decoder) and replaces them with zero. 

See Section A.16 for further discussion of the output sequence observed during 
JPEG operation. 



A.19.2 H.261 Output 
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A.19.2.1 Start and end of sessions 

H.261 doesn't signal the start and end of the video stream within the video data. 
Nevertheless, this is implied by the application. For example, the sequence starts when 
the telecommunication connection is made and ends when the tine is dropped. Thus, 
the highest layer in the video syntax is the "picture layer". 

The Start Code Detector of the Spatial Decoder in accordance with the invention, 
allows SEGUENCE_START and CODING„STANDARD Tokens to be inserted 
automatically before the first P I CTU REDSTART. See sections A. 1 1 .7.3 and A.1 1 .7.4. 

At the end of an H.261 session (e.g., when the line is dropped) the user should 
insert a FLUSH Token after the end of the coded data. This has a number of effects 
(see Appendix A.31.1: 

• It ensures that PICTURE_END is generated to signal the end of the last picture. 

• It ensures that the end of the coded data is pushed through the decoder. 
A.1 9.2.2 Acquiring pictures 

Each picture is composed of a hierarchy of elements referred to as layers in the 
syntax. The sequence of Tokens at the output of the Temporal Decoder when decoding 
H.261 reflects this structure. 

A.19.2.1 Picture layer 

Each picture is preceded by a PICTURE_START Token and each is immediately 
followed by a PICTURE_END Token. H.261 doesn't naturally contain a picture end. 
This Token is inserted automatically by the Start Code Detector of the Spatial Decoder. 

After the PICTURE_START Token, there will be TEMPORAL_REFERENCE and 
PICTUREJTYPE Tokens. The 
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TEMPORAL__REFERENCE Token carries a 10 bit number (of which only the 5 LSBs are 
used in H.261) that indicates when the picture should be displayed. This should be 
studied by any display system as H.261 encoders can omit pictures from the sequence 
(to achieve lower data rates). Omission of pictures can be detected by the temporal 
reference incrementing by more than one between successive pictures. 

Next the PICTURE_TYPE Token carries information about the picture format. A 
display system may study this information to detect if CIF or QCIF pictures are being 
decoded. However, information about the picture format is also available by studying 
registers within the Huffman decoder. 

<Xref to Huffman decoder section> 
A.1 9.2.2.2 Group of Blocks Layer 

Each H.261 picture is composed of a number of "groups of blocks". Each of 
these is preceded by a SLICE_START Token (derived from the H.261 group number 
and group start code). This Token carries an 8 bit value that indicates where in the 
display the group of blocks should be placed. This provides an opportunity for the 
decoder to resynchronize after data errors. Moreover, it provides the encoder with a 
mechanism to skip blocks if there are areas of a picture that do not require additional 
information in order to describe them. By the time SLICE_START reaches the output of 
the Temporal Decoder, this information is effectively redundant as the Spatial Decoder 
and Temporal Decoder have already used the information to ensure that each picture 
contains the correct number of blocks and that they are in the correct positions. Hence, 
it should be possible to compute where to position a block of data output by the 
Temporal Decoder just by counting the number of blocks that have been output since 
the start of the picture. 

The number carried by SLICE_START is one less than the 
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H.261 group of blocks number (see the H.261 standard for more information). Figure 94 
shows the positioning of H.261 groups of blocks within CIF and QCiF pictures. NOTE: 
in the present invention, the block numbering shown is the same as that carried by 
SLlCE_START. This is different from the H.261 convention for numbering these 
groups. 

Between the SLICE_START (which indicates the start of each group of blocks) 
and the first macroblock there may be other Tokens. These can be ignored as they are 
not required to display the picture data. 
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A.1 9.2.2.3 Macroblock layer 

The sequence of macroblocks within each group of blocks is defined by H.261. 
There is no special Token information describing the position of each macroblock. The 
user should count through the macroblock sequence to determine where to display each 
piece of information. 

Figure 96 shows the sequence in which macroblocks are placed in each group of 

blocks. 

Each macroblock contains 6 DATA Tokens. The sequence of DATA Tokens in 
each group of 6 is defined by the H.261 macroblock structure. Each DATA Token 
should contain exactly 64 data bytes for an 8x8 area of pixels of a single color 
component. The color component is carried in a 2 bit number in the DATA Token (see 
section A.3.5.1). However, the sequence of the color components in H.261 is defined. 

Each group of DATA Tokens is preceded by a number of Tokens communicating 
information about motion vectors, quantizer scale factors and so forth. These Tokens 
are not required to allow the pictures to be displayed and, thus, can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a single color 
component. These are in a raster order. 

A.19.3 MPEG output 

MPEG has more layers in its syntax. These embody concepts such as a video 
sequence and the group of pictures. 

A.19.3.1 MPEG Sequence layer 

A sequence can have multiple entry points (sequence starts) but should have 
only a single exit point (sequence end). When an MPEG sequence header code is 
decoded, the Spatial Decoder generates a CODlNG_STANDARD Token followed by a 
SEQUENCE_START Token. 

After the S EQ U E N C E_START, there will be a number of 



364 



Tokens of sequence header information that describe the video format and the like. 
See the draft MPEG standard for the information that is signalled in the sequence 
header and Table A.3.2 for information about how this data is converted into Tokens. 
This information describing the video format is also available in registers in the Huffman 
decoder. 

This sequence header information may occur several times within an MPEG 
sequence, if that sequence has several entry points. 

A.1 9.3.2 Group of pictures layer 

An MPEG group of pictures provides a different type of "entry" point to that 
provided at a sequence start. The sequence header provides information about the 
picture/video format. Accordingly, if the decoder has no knowledge of the video format 
used in a sequence, it must start at a sequence start. However, once the video format 
is configured into the decoder, it should be possible to start decoding at any group of 
pictures. 

MPEG doesn't limit the number of pictures in a group. However, in many 
applications a group will correspond to about 0.5 seconds, as this provides a reasonable 
granularity of random access. 

The start of a group of pictures is indicated by a GROUP_START Token. The 
header information provided after GROUP_START includes two useful Tokens: 
TIME_CODE and BROKEN_CLOSED. 

TIME_CODE carries a subset of the SMPTE time code information. This may be 
useful in synchronizing the video decoder to other signals. BROKEN_CLOSED carries 
the MPEG closed_gap and brokenjink bits. See Section A.1 9.3.8 for more on the 
implications of random access and decoding edited video sequences. 
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A.19.3.3 Picture layer 

The start of a new picture is indicated by the PICTURE_START Token. After 
this Token, there will be TEMPORAL_REFERENCE and PICTUREJTYPE Tokens. The 
5 temporary reference information may be useful if the Temporal Decoder is not 

configured to provide picture re-ordering. The picture type information may be useful if 
a display system wants to specially process B pictures at the start of an open GOP (see 
Section A. 19.3.8). 

Each picture is composed of a number of slices. 

10 A.19.3.4 Slice layer 

Section A. 19.2.2.2 discusses the group of blocks used in H.261. The slice in 
MPEG serves a similar function. However, the slice structure is not fixed by the 
standard. The 8 bit value carried by the SLICE_START Token is one less than the 
"slice vertical position" communicated by MPEG. See the draft MPEG standard for a 
1 5 description of the slice layer. 

By the time SLICE_START reaches the output of the Temporal Decoder, this 
information is effectively redundant since the Spatial Decoder and Temporal Decoder 
have already used the information to ensure that each picture contains the correct 
number of blocks in the correct positions. Hence, it should be possible to compute 
20 where to position a block of data output by the Temporal Decoder just by counting the 
number of blocks that have been output since the start of the picture. 

See section A. 19.3.7 for discussion of the effects of using MPEG picture re- 
ordering. 

A. 19.3.5 Macroblock layer 
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Each macroblock contains 6 blocks. These appear at the output of the Temporal 
Decoder in raster order (as specified by the draft MPEG specification). 
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A. 19. 3.6 Block layer 

Each macrobiock contains 6 DATA Tokens. The sequence of DATA Tokens in 
each group of 6 is defined by the draft MPEG specification (this is the same as the 
H.261 macrobiock structure). Each DATA token should contain exactly 64 data bytes 
for an 8 x 8 area of pixels of a single color component. The color component is carried 
in a 2 bit number in the DATA Token (see A.3.5.1). However, the sequence of the color 
components in MPEG is defined. 

Each group of DATA Tokens is preceded by a number of Tokens communicating 
information about motion vectors, quantizer scale factors, and so forth. These Tokens 
are not required to allow the pictures to be displayed and, therefore, they can be 
ignored. 

A.1 9.3.7 Effect of MPEG picture re-ordering 

As described in A. 18.3.5, the Temporal Decoder can be configured to provide 
MPEG picture re-ordering (MPEG_reordering=1). The output of P and I pictures is 
delayed until the next P/l picture in the data stream starts to be decoded by the 
Temporal Decoder. At the output of the Temporal Decoder the DATA Tokens of the 
newly decoded P/l picture are replaced with DATA Tokens from the older P/l picture. 

When reordering P/l pictures, the PiCTURE_START, 
TEMPORALJREFERENCE and PICTURE_TYPE Tokens of the picture are stored 
temporarily on-chip as the picture is written into the off-chip picture buffers. When the 
picture is read out for display, these stored Tokens are retrieved. Accordingly, re- 
ordered P/l pictures have the correct values for PICTURE_START } 
TEMPORALJREFERENCE and PICTUREJTYPE. 

All other tokens below the picture layer are not re-ordered. As the re-ordered P/l 
picture is read-out for 
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display it picks up the lower level non-DATA tokens of the picture that has just been 
decoded. Hence, these sub-picture layer Tokens should be ignored. 

A.1 9.3.8 Random access and edited sequences 

5 The Spatial Decoder provides facilities to help correct video decoding of edited 

MPEG video data and after a random access into MPEG video data. 

A.1 9.3.8.1 Open GOPs 

A group of pictures (GOP) can start with B pictures that are predicted from a P 
picture in a previous GOP. This is called an "open GOP". Figure 107 illustrates this. 
10 Pictures 17 and 18 are B pictures at the start of the second GOP. If the GOP is "open", 
then the encoder may have encoded these two pictures using predictions from the P 
picture 16 and also the I picture 19. Alternatively, the encoder could have restricted 
itself to using predictions from only the I picture 19. In this case, the second GOP is a 
"closed GOP". 

15 If a decoder starts decoding the video at the first GOP, it will have no problems 

when it encounters the second GOP even if that GOP is open since it will have already 
decoded the P picture 16. However, if the decoder makes a random access and starts 
decoding at the second GOP it cannot decode B17 and B18 if they depend on P16 (i.e., 
if the GOP is open). 

20 If the Spatial Decoder of the present invention encounters an open GOP as the 

first GOP following a reset or it receives a FLUSH Token, it will assume that a random 
access to an open GOP has occurred. In this case, the Huffman decoder will consume 
the data for the B pictures in the normal way. However, it will output B pictures 
predicted with (0,0) motion vectors off the I picture. The result will be that pictures B17 

25 and B18 (in the example above) will be identical to 119. 
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This behavior ensures correct maintenance of the MPEG VBV rules. Also, it 
ensures that B pictures exist in the output at positions within the output stream expected 
by the other data channels. For example, the MPEG system layer provides presentation 
5 time information relating audio data to video data. The video presentation time stamps 
refer to the first displayed picture in a GOP, i.e., the picture with temporal reference 0. 
In the example above, the first displayed picture after a random access to the second 
GOP isB17. 

The BROKEN_CLOSED Token carries the MPEG closed_gop bit. Hence, at the 
10 output of the Temporal Decoder it is possible to determine if the B pictures output are 
genuine or "substitutes" have been introduced by the Spatial Decoder. Some 
applications may wish to take special measures when these "substitute" pictures are 
present. 

A.1 9.3.8.2 Edited video 

15 if an application edits an MPEG video sequence, it may break the relationship 

between two GOPs. If the GOP after the edit is an open GOP it will no longer be 
possible to correctly decode the B pictures at the beginning of the GOP. The 
application editing the MPEG data can set the brokenjink bit in the GOP after the edit 
to indicate to the decoder that it will not be able to decode these B pictures. 

20 If the Spatial Decoder encounters a GOP with a broken link, the Huffman 

decoder will decode the data for the B pictures in the normal way. However, it will 
output B pictures predicted with (0,0) motion vectors off the I picture. The result will be 
that pictures B17 and B18 (in the example above) will be identical to 119. 

The BROKEN_CLOSED Token carries the MPEG brokenjink bit. Hence, at the 
25 output of the Temporal Decoder it is possible to determine if the B pictures output are 
genuine 
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or "substitutes" that have been introduced by the Spatial Decoder. 
Some applications may wish to take special measures when 
these "substitute" pictures are present. 
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SECTION A.20 Late Write DRAM interface 

The interface is configurable in two ways: 

The detail timing of the interface can be configured to accommodate a variety of 
5 different DRAM types 

The "width" of the DRAM interface can be configured to provide a 
cost/performance trade-off 



Signal Name 


Input/ 
Output 


Description 


DRAM_data[31;0] 


I/O 


The 32 bit wide DRAM data bus. Optionally this bus can be configured to 
be 16 or 8 bits wide 


DRAM_addr[10:0] 


O 


The 22 bit wide DRAM interface address is time multiplexed over this 1 1 
bit wide bus 


RAS 


O 


The DRAM Row Address Strobe signal 


CAS[3:0] 


O 


The DRAM Column Address Strobe signal One signal is provided per 

byte of the interface's data bus All the CAS signals are driven 
simultaneously 


WE 


O 


The DRAM Write Enable signal 


OE 


O 


The DRAM Output Enable signal 


DRAM_enable 


I 


This input signal, when low, makes all the output signals on the interface 
go high impedance and stops activity on the DRAM interface 



Table A.20.1 DRAM interface signals 



Register name 


size/ 
dir. 


Reset 
State 


Description 






Modify_DRAMjiming 


1 bit 
rw 


0 


This function enable register allows access to the DRAM interface 
timing configuration registers. The configuration registers should not 
be modified while this register holds the values zero Writing a one to 
this register requests access to modify the configuration registers 
After a zero has been written to this register the DRAM interface will 
start to use the new values in the timing configuration registers 
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page_start_!ength 


5 bit 
rw 


0 00 


Specifies the length of the access start in ticks. The minimum value 
that can be used is 4 (meantng 4 ticks) 0 selects the maximum length 
of 32 ticks. 




read_cycie_fength 


4 bit 
rw 


0.00 


Specifies the length of the fast page read cycle in ticks. The minimum 
value that can be used is 4 (meaning 4 ticks). 0 selects the maximum 
length of 16 ticks 




write_cycle_length 


4 bit 
rw 


0.00 


Specifies the length of the fast page late write cycle m ticks The 
minimum value that can be used is 4 (meaning 4 ticks). 0 selects the 
maximum length of 16 ticks 




refresh_cyclejength 


4 bit 
rw 


0.00 


Specifies the length of the refresh cycle in ticks. The minimum value 
that can be used is 4 (meaning 4 ticks) 0 selects the maximum length 
of 16 ticks 




RASJaliing 


4 bit 
rw 


0.00 


Specifies the number of ticks after the start of the access start that 
falls. The minimum value that can be used is 4 (meaning 4 ticks). 0 
selects the maximum length of 16 ticks. 




CAS_falling 


4 bit 


8 


Specifies the number of ticks after the start of a read cycle, write cycle 






rw 




or access start that CAS falls. The minimum value that can be used 
is 1 (meaning 1 tick) 0 selects the maximum length of 16 ticks 




DRAM_data_width 


2 bit 
rw 


0.00 


Specifies the number of bits used on the DRAM interface data bus 
DRAM_data[31 :0] See A.20 4 




row_address_bits 


2 bit 
rw 


0.00 


Specifies the number of bits used for the row address portion of the 
DRAM interface address bus See A 20.5 . 




DRAM_enable 


1 bit 
rw 


1 


Writing the value 0 m to this register forces the DRAM interface into a 
high impedance state 0 will be read from this register if either the 
DRAM_enable signal is low or 0 has been written to the register 



Table A.20.2 DRAM Interface configuration registers (contd) 
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Register name 










size/ 
dir. 


Reset 
State 


Description 














refreshjnterval 










no_refresh 


8 bit 
rw 


0.00 


This value specifies the interval between refresh cycles m periods of 
16 decoder_clock cycles. Values in the range 1..255 can be 
configured. The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles until a valid 
refresh interval is configured. It is recommended that refresh_tnterval 

should hp ponfffmrf^fi nn/i/ nnrp aftpr **a^*h rocAt 




PAC etronrt+h 

or\o_5irenyin 


A Kit 


n fin 


Writing the value 1 to this register prevents execution of any refresh 














RAS_strength 


3 bit 


6 


These three bit reoi^frpr^ ponfintirp thp mitnnt HHup ttrpnnth nf np&hJl 

interface signals This allows the interface to be configured for various 
different loads 




addr_strength 


rw 






DRAM_data_strength 






See A.20 8 


N* 


OEWE_strength 



















Table A.20.2 DRAM Interface configuration 
registers (contd) 
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A*20*2r- Interface timing (ticks) 

In the present invention, the DRAM interface timing is 
derived from a clock which is running at four times the 
input clock rate of the device (decoder_clock) . This clock 
~5 is generated by an on-chip PLL. 

For brevity, periods of this high speed clock are 
referred to as ticks, 
A. 2 0.2 Interface operation 
^; The interface uses of the DRAM fast page mode. Three 

Sk 10 different types of access are supported: 

?Z ' Head 

rtji * Write 

• Refresh 

Each read or write access transfers a burst of between l 
15 and 64 bytes at a single DRAM page address. Read and write 
transfers are not mixed within a single access. Each 
successive access is treated as a random access to a new 
DRAM page. 

A* 2 0.3 Access structure 

20 Each access is composed of two parts: 

- Access start 

* Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
25 write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's default state and remains in this 
state until a new access is ready to start. If a new 
30 access is ready to start when the last access finishes, 
then the new access will start immediately. 
A.20.3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
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conditions. There are three different access starts: 

* Start of read 

* Start of write 

* Start of refresh 

In each case the timing of RAS and the row address is 
controlled by the registers RAS_falling and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until RAS 
falls. The three different access start types are only 
different in how they drive OE and DRAM_data [ 3 1 : 0 ] when RAS 
falls. See Figure 109. 



Num. 


Characteristic 


Min. 


Max. 


Untt No:es 


i jS 


RAS precnarge period set by register flAS.faHing 


« 






» 


Access stan Curation set by register pag«_start_lengtn 


4 


» 


: 




CAS precnarge length set by register CAS_faillng. 


1 






41 


fast page read cycle length set by the register 
read_cyclt J«ngth. 


4 


15 


i 


■12 


Fast page write cycle length set by the register 
wnte^cyclejength. 


4 


15 




! ^ 


WE Jails one ock after CaT. 


I 






I Serresn cycte length set by the register refresh .cycle. 


* 


15 





Table A. 20 .3 Access start parameters 

a. This value must be less than RAS_f ailing to ensure 
CAS before RAS refresh occurs. 



A.20.i*2* Data transfer 

There are three different types of data transfer cycle: 

• Fast page read cycle 

• Fast page late write cycle 

* Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle CKK is driven high and 
the new column address is driven. 

A late write cycle is used. WE is driven low one tick 
after Cas . The output data is driven one tick after the 
address . 

As a cas before RS5" refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during a refresh cycle. The purpose of the 
refresh cycle is to meet the minimum ras low period 
required by the DRAM. 
A«20.3.3 Interface default state 

The interface signals enter a default state at the end 
of an access: 

RAS , CSS" ana WE high 

* data and OE remain in their previous state 
■ addr remains stable 

A. 2 0 • 4 Data bus width 

The two bit register DRAM_data_width allows the width of 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 



8 ok wide data ous on DRAM_data(3i:24| e . 



j I 


16 bit wide data bus on OflAM_data(31:l6J l ' b| . 


; 2 


32 bit wtoe data Ous on ORAM_data(3t:0J. j 


Table A. 20. 4 


Configuring DRAM_data_vidth 


Default after 


reset . 


Unused signals 


are held high impedance. 



A. 20. 5 Address bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bit 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
therefore, produce "hidden bits) . 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed. 

A . 2 0 . 5 . 1 Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 
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A.20,5"r2* Row address bits 

The number of bits taken from the middle section of the 
24 bit internal address to provide the row address is 
configured by the register row_address_bits . 



1 fow_*ddf«s_bits 


Wictn of row access 


1° 


9bics 




t 

i 1 


10 DIES 


2 


1 1 tits : 



5 Table A* 2 0.5 Configuring row_address_bits 

The width of row address used will depend on the type of 
DRAM used and whether the MSBs of the row address are 
decoded off-chip to access multiple banks of DRAM. 

NOTE: The row address is extracted from the middle of 
10 the internal address. If some bits of the row address are 
decoded to select banks of DRAM, then all possible values 
of these "bank select bits" must select a bank of DRAM * 
Otherwise, holes will be left in the address space. 
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row address Sits 


5 an* S€ieci 


C-.AW ceoiri 


• 


CRAM_acdr{e.C] 




255k 


t 


ORAW.addrtS 0] 


0RAM_aacr<9J 


255k 




0RAM.addr{9 0] 




S*2k 




0RAM.addf(9:01 


| 102^ 


2 


CRAM.addi(8.0I 


0RAW.addr(i0 9| 


256k 




DRAM_addf{9 CJ 


0RAM,addr[1C| 


St2* 


! 


£RAM_addr{9.Cj 


CRA.u_adCr[iOi 


KH< 


i 


OPAM.addr(ta.C] 


1 


20-^k 


i 


CRAM .additt 0:01 


1 


JC95k 



Table A. 2 0 ♦ 6 Selecting a value for rov_address_bits 

A* 2 0.6 DRAM Interface enable 

There are two ways to. make all the output signals on the 
DRAM interface become high impedance. The DRAM_enable 
register and the DRAM_enable signal. Both the register and 
the signal must be at a logic 1 for the DRAM interface to 
operate. If either is low, then the interface is taken to 
high impedance and data transfers through the interface are 
halted. 

The ability to take the DRAM interface to high impedance 
is provided in order to allow other devices to test or to 
use the DRAM controlled by the Spatial Decoder (or the 
Temporal Decoder) when the Spatial Decoder (or the Temporal 
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Decoder) ^is not in use. It is not intended to allow other 
devices to share the memory during normal operation. 
A. 20,7 Refresh 

Unless disabled by writing to the register, no_refresh, 
5 the DRAM interface will automatically refresh the DRAM 
using a CAS before ras refresh cycle at an interval 
determined by the register ref resh_interval . 

The value "in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 

10 cycles. Values in the range 1 to 255 can be configured. 

The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 
configured. It is recommended that ref resh_interva 1 should 

15 be configured only once after each reset. 
A. 20, 8 Signal strengths 

The drive strength of the outputs of the DRAM interface 
can be configured by the user using the 3 bit registers, 
CAS__strength , RAS_strength , addr_strength , 

20 DRAM_data_strength, OEWE_strength . The MSB of this 3 bit 
value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances , 

The default strength after reset is 6, configuring the 

2*5 outputs to take approximately 10 ns to drive signal between 
GND and V n0 if loaded with 12 p F. 
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1 


strength value 


Or iv< cnaract ensues 


0 




Approx. 4 ns/V into 6 p( load 


i 1 


Approx. 4 ns/V mto !2 of toad 


2 


Appro* 4 ns/V into 24 of load 


3 




Aoofox. 4 ns/V into *8 Of ioad 


4 




Approx. 2 ns^V into 6 of Joad 


5 


Approx. 2 ns/V into t2 pf load 



stren^m value 


Onve characterises 


- 


Approx. 2 n»V into 24 pf load 


7 


Approx, 2 ns/V into 4fi pf load j 



Table A. 2 0.7 Output strength configurations 

7 a. Default after reset 

?T When an output is configured approximately for the load 

H|l it is driving, it will meet the AC electrical 

Cl 5 characteristics specified in Tables A. 20. 11 to Table 

r '" : A. 20. 12. When appropriately configured each output is 

approximately matched to it's load and, therefore, minimal 
overshoot will occur after a signal transition. 
A. 2 0*9 After reset 
10 After reset, the DRAM interface configuration registers 

are all reset to their default values. Most significant of 
these default configurations are: 

•The DRAM interface is disabled and allowed to go high 
impedance . 

15 -The refresh interval is configured to the special 

. value 0 which means execute refresh cycle continuously 
after the interface is re-enabled* 

The DRAM interface is set to it's slowest 
conf igurat ion . 

20 Most DRAMs require a "pause" of between 100ms and 500ns 
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after "poSer is first applied, followed by a number of 
refresh cycles before normal operation is possible. 

Immediately after reset, the DRAM interface is inactive 
until both the DRAM_enable signal and the DRAM_enable 
5 register are set. When these have been set, the DRAM 

interface will execute refresh cycles (approximately every 
400 ns, depending upon the clock frequency used) until the 
DRAM interface is configured. 

The user is responsible for ensuring that the DRAM's 
10 "pause" after power_up and for allowing sufficient time 
1? after enabling the DRAM interface to ensure that the 

%| required number of refresh cycles have occurred before data 

^ transfers are attempted, 

fi§ While reset is asserted, the DRAM interface is unable to 

HI 15 refresh the DRAM. However, the reset time required by the 
w decoder chips is sufficiently short so that is should be 

y ;; possible to reset them and to then re-enable the DRAM 

O interface before the DRAM contents decay. This may be 

required during debugging. 



Symbol 


Parameter 


Min. 


Max. 


Units I 




Supply vottage refatrve to GNO 


^3.5 


6.5 


! 


v« 


Input votoge on any p<n 


GNO • 0.5 


VOO* 0-5 


1 




Operating temperature 


•40 


-85 


•c | 




Storage temperature 


-55 


*150 


- ! 



20 



Table A* 20* 8 Maximum Ratings' 
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Symbol 


Pa/ameter 


Mm. 


Max. 


Unfis 




Supply voyage relative to GNO 


OS 


5-25 


v 


GNO 


Ground 


0 


o 


v 


V IM 


inout logic 'V vouage 


2.0 


V 0C! ~0,5 


v 


VtL 


input logic *0* voltage 


GNO - 0.5 


0.8 


i 




Operating temperature 


0 


70 





Table A. 2 0 .9 DC Operating conditions 

a. With TBA linear ft/min transverse airflow 





| Pa/ameter 


Mtrt 


Max. 




Units ! 




Output logic *0* vottage 








V 4 




Outout logic T voltage 


2.3 






V : 


•o 


Output current 


= 100 


j ua 5 ! 


hz 


Output off state iea*age current 


120 




i 


HA ; 


>x 


input leakage current 


,10 






U> ; 




RMS power suppiy current 




500 


i 


rnA ; 




input capacitance 




s 


i pp 


Syrri&ot 


Parameter 


Min. 


Max. 


Units j 


Coot 


Output / lO capacitance 




5 







Table A.20.10 DC Electrical characteristics (contd) 



Table A- 20. 10 DC Electrical characteristics 

a. AC parameters are specified using V OUux -Q . 8V as 
the measurement level. 

b. This is the steady state drive capability of the 
interface. Transient currents may be much 
greater . 



333 



A.20.fB*l AC character isti 



ICS 



N "™- ; Parameter 


Mm. | Max ! Unit j Note* 


-5 J CycJe time e.g. tPC 




46 


Cycle ume e.g. tRC *2 1 -2 , i«; 1 


47 


High puts* e.g. tRP, tCP, tCPN 


•5 


-2 j n S | 




Low pulse e.g. tRAS, CA$ t tCAC. cwp. 

ERAS?. tRASC 


-11 




ns 


: 


49 j Cycie ome e.g. tACP/tC?A 






Table A.20,11 Differences from nominal values for a strobe 

A. 20. 11 Differences from nominal values for a s 

The driver strength of the signal must be 
configured appropriately for its load 


Num. 


Parameter 


Mm. ! Max. j Ur.it 1 Mote* 


50 


Strooe to stro&e delay e.g. tRCO. tCSR 


' 3 j ~ 3 t « I ; 


51 


Low fiotd nme e.g. tRSH, tCSH, iflWL 
tCWL tRAC. tOAC/OE. iCHR 




*3 j ns 

i 


i 

i 


52 


Strooe to strooe precftarge e.g. tCRP, 
iRCS. tRCH. IRRH, tRPC 


.9 


t 

I 




CAS precnarge pulse oetween any two 
CAS stgnais on w»de ORAMs e.g. CP. or 
Oecween RAS nsmg and CAS lading e.g. 
tRPC 


-S 


-2 I 


r. S 


! 

! 



Table A.20.12 Differences from nominal values between two strobes 



Table A.20.12 Differences from nominal 
values between two strobes 
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Num. 


Parameter 


Mm, 


Mix. 


Unit 


Note • 


53 


Preciwge 0«<cr# dtsaaie e.g. tRHCP/ 

C?PH 


•12 


*3 


ns 


1 

t 



Table A. 20,12 Differences from nominal 
values between two strobes <contd) 

The driver strength of the two signals must be 
configured appropriately for their loads 
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the divisor has also been altered) will merely cause the 
Clock Divider to lock to its new frequency M on-the-f ly . " 
Once activated, there is no way of halting the Clock 
Divider other than by Chip RESET . 
5 Table C.lC.l Clock Divider Registers 



Address 


Register 


00t> 


Access bit 


010 


dMsof MSS 


10b 


divisor 


lib 


(JiviMf LS8 



Any divisor value in the range 16 to 16,777,216 may be 
used . 

C.ll.3 Description of the Clock Divider 

The Clock Divider is implemented as four 22 bit counters 
10 which are cascaded such that as one counter carries, it 
will activate the next counter in turn. A counter will 
count down the value of divisor/4 before carrying and, 
therefore, each counter will take it, in turn, to generate 
a pulse of the divided clock frequency. 
15 After carrying, the counter will reload with divisor/8 

and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
20 to be changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by a 
25 different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/3 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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to be input either as a raw byte stream (but still using 
the two-wire interface) , as a token stream, or by the user 
via the upi. In all cases, the input circuit will always 
output the correct DATA Tokens by generating DATA Token 
headers where appropriate. Transitions to and from upi 
mode are synchronized to the system clocks and the upi may 
be forced to wait until a safe point in the data stream 
before gaining access. The Byte mode pin determines 
whether the input circuit is in token or byte mode. 
Furthermore, initially informing the system as to which 
standard is being decoded (so a CODING_STANDARD Token can 
be generated) can be done in any of the three modes* 
B.I. 2. 2 Token decoder (scdipnew. sch, scdipnem.M) 

This block decodes the incoming tokens and issues 
commands to the other blocks. 
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Table B.l.i. Recognized input tokens 



Incut Token 


vUinrnci n rj 

issued 


CcrnmenLS 


NULL 


\A/ A IT 




DATA 


NORMAL 


Load next into first SR 


COOiNG.STD 


BYPASS 


Flusn snift re<;ts;ers. perform caczrtg. rusu 
and swtcM ;o Sypass mode L.aa 
CCOING^STANOARO regisier. 


FLUSH 


BYPASS 


Fiusn Sfls witft padding, ou^li sna s^tc." :c 
bypass mode. 


SLSS 


BYPASS 


Flusft Sfls win padding, outcut and switc.i :o 


(unreec$r.t$ed token) 




bypass mode. 



Note: A change in coding standard is passed to all 
blocks via the two-wire interface after the SRs are 
flushed. This ensures that the change from one data stream 
to another happens at the correct point throughout the SCO. 
This principle is applied throughout the presentation so 
that a change in the coding standard can flow through the 
whole chip prior to the new stream. 
B.i.2.3 JPEG (scdjpeg.sch scdjpegta.M) 

Start codes (Markers) in JPEG are sufficiently different 
that JPEG has a state machine all to itself. in the 
present invention, this block handles all the JPEG marker 
detection, length counting/checking, and removal of data. 
Detected JPEG markers are flagged as start codes (with 
v _not_t ~ se ' e later text) and the command from scdipnew is 
overridden and. forced to bypass. The operation is best 
described in code. 

switch (state) 

{ 

case (LOOKING): 
if (input = OxfT) 
{ 

state = CETVALUE; /'Found a marker*/ 
remove; /"Marker g<ts removed*/ 

} 

else 
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state = LOOKING; 
break; — ^ 
case (GETVALUE); 
if (input « OxfT) 

( 

state = GETVALUE; /-Overlapping markers*/ 
remove; 

} 

else if (input = 0x00) 

( 

sute = LOOKING;/* Wasn't a marker*/ 
insert(OxfT); /*Put the OxfT back*/ 

} 

else 

{ 

command « BYPASS; /*override command*/ 
ifflc) /* Does the marker have a length count*/ 

slate = GETLCO; 
else 

state = LOOKING; 
break; 

case (GETLCO): 

ioadlcO; /*Load the top length count byte*/ 

state = GETLC1; 

remove; 
break; 

case (GETLC1) 
loadicl; 
remove; 

state = DECLC; 
break; 

case(DECLC): 
lent = lent - 2 



" estate = CHECKLC; 
break; 

case (CHECKLC): 
if (lent = 0) 

sta^ = LOOKING;/-No more to do*/' 
eiscif (lcnt<0) 

state = LOOKIXG;/«generate IIIegaLLen 
else 

state = COUNT; 
break; 

case (COUNT): 

decrement length count until 1 
if (1c 1) 

state* LOOKING; 
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B.l.2.4 input shifter (scinshf t . sch, scinshnuM) 

The^Ba^ic operation of this block is quite simple. This 
block takes a byte of data from the input circuit, loads 
the shift register and shifts it out. However, it also 
obeys the commands from the input decoder and handles the 
transitions to and from bypass mode (flushing the other 
SRs) : On receiving a BYPASS command, the associated byte 
is not loaded into the shift register. Instead "rubbish" 
(tag - 1) is shifted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token reconstructor . The input byte is 
then passed directly to the token reconstructor. 
B.l.2.5 Start code Detector (scdetect . ach, scdetm.M) 

This block includes two shift registers which are 
programmable to 16 or 2 4 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 24 bits, whereas H.261 requires only 16. 

In the present invention, the first SR is for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs, but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed. On detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 
detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To accomplish 
this function, the "value" of the detected start code (the 
byte following it) is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshift 
without the detection of another start code, it is 
overlapping start codes have been eliminated and it is 
flagged as a valid start code. 



B.l.2.6 Output Shifter ( scoshif t . sch, scoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags) from scdetect, pack it into 15 bit 
words and output them. Other functions are: 
5 B« 1*2.6.1 Data padding 

The output consists of 15 bit words, but the input may 
consist of an arbitrary number of bits. In order to flush, 
therefore, we need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
10 recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero 11 is inserted followed by 
sufficient "ones" to make up a 15 bit word. 

The data word containing the padding is output with a low 
15 extension bit to indicate that it is the end of a data 
token . 

B.l.2«6.2 Generation of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 

20 flushed and signalling this to the input shifter. When the 
"rubbish 11 inserted by the input shifter reaches the end of 
the output shifter, and the output shifter has completed 
its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 

25 before it is safe for the input shifter to enter bypass 
mode . 

B.l.2.6.3 Flagging valid start codes 

If scdetect indicates that it has found a start code, 
padding is performed and the current data is output. The 

2 0 start code value (the next byte) is shifted through the 

detector to eliminate overlapping start codes. If the 
"value" arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v_not_t ( ValueMotToken) to indicate 

3 5 that it is a start code value. If, however, another start 

code is detected (by scdetect) whilst the output shifter is 
waiting for the value, an overiapping_start_error is 



generated. In this case, the first value is discarded and 
the system then waits for the second value. This value can 
also be overlapped, thus causing the same procedure to be 
repeated until a non-overlapped start code is found. 
5 B. 1.2 .6. 4 Tidying up after a start code 

Having detected and output a good start code, a new DATA 
header is generated when data (not rubbish) starts 
arriving . 

B.l.2.7 Data stream reconstructor (sctokrec. sch, 
10 sctokrem.H) 

The Data Stream reconstructor has two-wire interface 
inputs: one from scinshift for bypassed tokens, and one 
from scoshift for packed data and start codes. Switching 
between the two sources is only allowed when the current 
15 token {from either source) has been completed (low 
extension bit arrived) . 

B. 1.2*8 Start value to start number conversion 
(scdromhw. sch, schroauM) 

The process of converting start values into tokens is 
2 0 done in two stages. This block deals mainly with coding 
standard dependent issues reducing the 520 odd potential 
codes down to 16 coding standard independent indices. 

As mentioned earlier, start values (including JPEG ones) 
are distinguished from all other data by a flag 
25 ( value_not_token) . If v_not_t is high, this block converts 
the 4 or 8 bit value, depending on the CODING_STANDARD, 
into a 4 bit start_number which is independent of the 
standard, and flags any unrecognized start codes. 
The start numbers are as follows: 
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_ Table B.1.2 start Code numbers (indices) 


StarvMancerCode 


index ( start _.numoer) 


P.esutnc 7c <e-: 


not_a_start_code 
sequence_start_code 


- Q I- 

1 ) S£CU£NC£,5TAn? 


group_start_code 


^ | GPQU? ST APT 


picture_start_code 


3 


— — — — — — ™_ 


siice_start_code 


4 


SUCc.START 


userjjata_start_code 


s 


USHH.OATA 


extension_start_code 


5 


HXT£ns;c.v_0A7a 


sequence_end_code 


7 1 


SEGUENCE.ENO 


JPEG Markers ' " 


UM i 


8 


OHT 


DOT 


9 j 0G7 


DNL 


to 


CNL 



DRI 



JP£G markers q».a< can De maoped onto tokens for MFSG/H.25I 



SOS 


picture_start_code 


l 

I P1C7UFE.S7A" | 


SOI 


sequence_start_code 


S£CL'£NC£_3"AP- 


Table 8.1.2 


i Start Code numbers (indices) 


Sian/WarKef Cod« 


index (stan.numoer) 


flesumng Token 


EO! 


sequence_end_code 


SEQU£NCE,£NO 


SOFO 


group_start_code 


GROUP_STAR7 


JPEG markers mat generate ertn or user data 




JPG 


extension_starLcode 


EXTENSION.OATA 


JPGn 


e xten sion_start_cod e 


EXTENSION.0A7A 


APPn 


user_data_start_code 


USEH.OATA 


COM 


user_data_start_code 


USE3.0ATA 


NOTE: Alt unrecognised JPEG markers generate an ertn.starL.code index 



B.i.2.9 start number to token conversion (sconvert.sch, 
sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 



Search modes are a means of entering a data stream at a 
random point. The search mode can be set to one of eight 
values : 



0: Normal Operation - find next start code. 

1/2: System level searches not implemented on Spatial Decoder 

J: Search for Sequence or higher 

4: Search for group or higher 

5; Search for picture or higher 

6: Search for slice or higher 

7: Search for next start code 



Any non-zero search mode causes data to be discarded 
until the desired start code (or higher in the syntax) is 
detected . 

This block also adds the token extensions to PICTURE 
and SLICE start tokens: 

■ PI CTURE_ START is extended with PICTURE_NUMBER, a four 
bit count of pictures, 

* SLICE_START is extended with svp (slice vertical 
position) . This is the "value" of the start code 
minus one (MPEG, H.261), and minus 0XD0 (JPEG). 
B. 1.2.10 Data Stream Formatting (scinsert. sch, scinserx.M) 
In the present invention, Data Stream Formatting relates 
to conditional insertion of PICTUR£_END, FLUSH , 
CODING_STANDARD, SEQUENCE_START tokens, and generation of 
the STOP_AFTER_PICTURE event. Its function is best 
simplified and described in software: 
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switch (input_data) 

(FLUSH) 
L if On^picture) 

output = P1CTUR£, END 

2. output = FLUSH 

3. if (in picture & stop.aft«r.picai«) 
sap.crror = HIGH 
injicture=r FALSE; 

4. in.picturt * FALSE; 
break 

case (SEQUENCE.START) 

1. if (injicture) 

output = PfCTURE.£ND 

2. if (in picture & slop.after^picturc) 
2a. output = FLUSH 

2b. sap^crror = HIGH 
in_pi c &ire = FALSE 

3. output = CODING.STANDARD 

4. output = standard 

5. output - SEQUENCE.START 
6~. in_picture = FALSE; 

break 

«t (SEQUENCE JND) case (GROUP.START): 
1* if (in_picture) 

output = PICTURE^END 
2.if(uij>icture&stop_after jicttare) . 

2a. output = FLUSH 

2b. sap.crror = HIGH 
^.picture = FALSE 

3- ou tpttt = SEQUENCE.END or GROUP_START 

4 - in^picture = FALSE; 
break 

casc (HCTURE.END) 



2a. output - FLUSH 

2fa.sap_error = HlCH 
3- in.p ( 'cture = FALSE 
break 

case(PJCTUR£,START) 
1- if (in_picture) 

output = PICTUR£_EiVD 
2. if (in .picture & stop.a/ter.picture) 
2a. output = FLUSH 
2b. sap_error = HICH 
3.if(ins € rt.$cquence_$tart) 

3a. output = CODING_STANDARD 
3b. output = standard 
3c output = SEQUENCE.START 
insert.sequcnce.stan = FALSE 
4. output ^ PICTURE^STAKT 
in.picture=JRUE 
break 

defauit; Just pass it through 



SECTION B.2 Huffman Decoder and Parser 

B . 2 . 1 introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 

Figure 118 shows a high level block diagram of the 
Huffman Decoder and Parser. Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) . 

In essence, the Huffman Decoder and Parser of the present 
invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine* 

Data is received from the Coded Data Buffer by the 
"Inshift" block. At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will 
be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H.261, JPEG or MPEG). 

In the present invention, all data which is carried by 
the DATA Tokens is transferred to the Huffman Decoder in a 
serial form (bit-by-bit). This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the- Huffman Decoder serially. In the case of Huffman 
encoded data, the Huffman Decoder only performs the first 
stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 
N-l. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 
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processing by the Huffman Decoder. 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
decoding process in which the index number obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up. The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit. 

The ALU is the next block and is provided to implement 
other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 
The ALU includes a register file which it can manipulate to 
implement various parts of the decoding algorithms. In 
particular, the registers which hold vector predictions and 
DC predictions are included in this block. The ALU - is 
based around a simple adder with operand selection logic. 
It also includes dedicated circuitry for sign-extension 
type operations. It is likely that a shift operation will 
be implemented, but this will be performed in a serial 
manner; there will be no barrel shifter. 

The Token Formatter, in accordance with the present 
invention, is the last block in the Video Parser and has 
the task of finally assembling decoded data into Tokens 
which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 
been adopted for use with a two-wire interface has the task 
of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code" control word which is passed to 
the other blocks. Figure 118 shows that the instruction 
word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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by two-wire interfaces* 

In the present invention, there is a two-wire interface 
between each of the blocks in the Video Parser* 
Furthermore, the Huffman Decoder works with both serial, 
data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly; there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a time. Again, there is a two-wire interface between the 
inshifter and the Huffman Decoder. Other tokens, however, 
are not shifted in one bit at a time (serial) but rather in 
the header of the token. If a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 
a time. If it is not a DATA Token, then the entire token, 
header and all, is presented to the Huffman Decoder all at 
once . 

In the present invention, it is important to understand 
that the two-wire interface for the Video Parser is unusual 
in that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 
recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 
signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the. inshifter. If the proper data or 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 
result in the ALU and then this result is formed into a 
Token word. A single microcode instruction word is 
produced which contains all of the information to do this. 



The command is passed directly to the Huffman Decoder which 
requests ^data bits one-by-one from the "Inshift" block 
until it has decoded a complete symbol. Control Tokens are 
input in parallel. Once this occurs, the decoded index 
5 value is passed along with the original microcode word to 
the Index to Data Unit. Note that the Huffman Decoder will 
require several cycles to perform this operation and, 
indeed, the number of cycles is actually determined by the 
data which is decoded. The Index to Data Unit will then 
10 map this value using a table which is identified in the 
bf| microcode instruction word. This value is again passed 

^! onto the next block, the ALU, along with the original 

microcode word. Once the ALU has completed the appropriate 
fll operation (the number of cycles may again be data 

ffl 15 dependant) it passes the appropriate data onto the Token 
7 Formatting block along with the microcode word which 

H controls the way in which the Token word is formed, 

'rf The ALU has a number of status wires or "condition codes" 

m which are passed back to the Parser State Machine. This 

S 2 0 allows the State Machine to execute conditional jump 
r ' instructions. In fact, all instructions are conditional 

jump instructions; one of the conditions that may be 
selected is hard-wired to the value "False". By selecting 
this condition, a "no jump" instruction may be constructed. 
2 5 In accordance with the present invention, the Token 

Formatter has two inputs: a data field from the ALU and/or 
a constant field coming from the Parser State Machine. In 
addition, there is an instruction that tells the Token 
Formatter how many bits to take from one source and then to 
30 fill in with the remaining bits from the other for a total 
of 8 bits. For example, HORIZONTAL^ 1 ZE has an 8 bit field 
that is an invariant address identifying it as a 
HORIZONTAL_5IZE Token, In this case, the 8 bits come from 
the constant field and no data comes from the ALU. If, 
2 5 however, it is a DATA Token, then you would likely have 6 
bits from the constant field and two lower bits indicating 
the color components from the ALU. Accordingly, the Token 



Formatter takes this information and puts it into a token 
for use by the rest of he system. Mote that the number of 
bits from each source in the above examples are merely for 
illustration purposes and one of ordinary skill in the art 
will appreciate that the number of bits from either source 
can vary. 

The ALU includes a bank of counters that are used to 
count through the structure of the picture. The dimensions 
of the picture are programmed into registers associated 
with the counters that appear to the "microprogrammer " as 
part of the register bank. Several of the condition codes 
are outputs from this counter bank which allows conditional 
jumps based on "start of picture", "start of macroblock" 
and the like. 

Note that the Parser State Machine is also referred to as 
the "Demultiplex State Machine". Both terms are used in 
this document. 

Input shifter 

In the present invention, the Input Shifter is a very 
simple piece of circuitry consisting of a two pipeline 
stage datapath ("hfidp") and controlling Zcells ("hfi") . 

In the first pipeline stage, Token decoding takes place. 
At this stage, only the DATA token is recognized. Data 
contained in a DATA token is shifted one bit at a time into 
the Huffman Decoder. The second pipeline stage is the 
shift register* In the very last word of a DATA token, 
special coding takes place such that it is possible to 
transmit an arbitrary number of bits through the coded data 
buffer. The following are all possible patterns in the 
last data word. 
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».a.x Possi^e Patterns in the L ast Oata Word 

t fted ieft ' ° ne by - 
- (Pa ; d r g) bit ^r^rr.v 1 ones " is 

bits in the shift register are . "maxning 
discarded. Note that thi they ar « 

last word of a DA ^ en ^ ^ ^ ^ * ^ 

th^Hu^T T ViOUSly ' ° th6r TOke " S « d to 

into the " Paralle1 ' ^ «• loaded 
into the second pipeline stage, but no 

Place. Note that the DATA healer is V ^ ^ 

passed to i-ho » reader is discarded and is not 

a ro th e Huffman at all. two "v a1 ,^.. • 

and serial valid" wires (out valid 

serial_valid) are provided. onlv one 
given tim- ,„ rf i, { y ne ls asserted at a 

time and it indicates what type ot . . 

Presented at that moment. ? d * ta 13 being 



B.2.2 Huffman Decoder 

The Huffman Decoder has a number of modes of operation. 
The most obvious is that it can decode Huffman Codes, 
turning them into a Huffman Index Number. In addition, it 
5 can decode fixed length codes of a length (in bits) 
determined by the instruction word. The Huffman Decoder 
can also accept Tokens from the Inshift block. 

The Huffman Decode includes a very small state machine. 
This is used when decoding block-level information. This 
O 10 is because it takes too long for the Parser State Machine 
^ to make decisions (since it must wait for data to flow 

through the Index to Data Unit and the ALU before it can 
%t make a decision about that data and issue a new command) . 

When this State Machine is used, the Huffman Decoder itself 
yj 15 issues commands to the Index to Data Unit and ALU* The 
; Huffman Decoder State Machine cannot control all of the 

microcode instruction bits and, therefore, it cannot issue 
the full range of commands to the other blocks. 
B. 2.2*1 Theory of Operation 

2 0 When decoding Huffman codes, the Huffman Decoder of the 

present invention uses an arithmetic procedure to decode 
the incoming code into a Huffman Index Number. This number 
lies between 0 and N-l (for a code table that has N 
entries) . Bits are accepted one by one from the Input 
25 shifter. 

In order to control the operation of the machine, a 
number of tables are required. These specify for each 
possible number of bits in a code (1 to 16 bits) how many 
codes there are of that length. As expected, this 

3 0 information is typically not sufficient to specify a 

general Huffman code. However, in MPEG, H.261 and JPEG, 
the Huffman codes are chosen such that this information 
alone can specify the Huffman Code table. There is 
unfortunately just one exception to this; the Tcoefficient 
3 5 table from H.261 which is also used in MPEG, This requires 
an additional table that is described elsewhere (the 
exception was deliberately introduced in H.261 to avoid 



start code emulation) , 

It is*imporrant to realize that the tables used by this 
Huffman Decoder are precisely the same as those transmitted 
in JPEG. This allows these tables to be used directly 
while other designs of Huffman decoders would have required 
the generation of internal tables from the transmitted 
ones. This would have required extra storage and extra 
processing, to do the conversion. Since the tables in MPEG 
and H.261 (with the exception noted above) can be described 
in the same way, a multi-standard decoder becomes 
practical . 

The following fragment of u c u illustrates the decoding 
process ; 

;n: total = 0; 

m: s = 0; 

int bit ~ 0; 

-nsigned Long cede * 0; 

.n: index = 0; 

while ( index>=totaI ) 

{ 

:f i'b ic>=max_bits ) 

f ail ( "hut f_decode : ran off end of huff tabie\n"); 

code= ( code« 1 > Inext_bitQ ; 

;ndex=code-s*tctal ; 
to:;ai--code3_per_bit { bit ] ; 

s= < s«-codes_per_bit [bit } ) «1; 

bit*-*; 

r 

The process generally, is directly mapped into the 
silicon implementation" although advantage is taken of the 
fact that certain intermediate values can be calculated in 
clock phases before they are required. 

From the code fragment we see that; 



EQ l. totals, = total ft + cpb„ 

E Q 2 -' s „*i = 2('s n + cpb rt ) 

EQ 3. code,, „ , = 2code„ + bit n 

EQ 4. index = 2code <i + bit, + total - 's 

11 i ft ft 

Unfortunately in the hardware it proved easier to use a modified set of equations m 
a variable •shifted* is used in piace of the variabie # s\ in this case; 

In the hardware, however, it proved easier to use a 
modified set of equations in which a variable "shifted" is 
used in place of the variable "s" . In this case; 

EQ 5. shifted, ^ 1 * 2shifted n + cpb. 

It turns out that: 

£Q 6. > n = 2shifted / 

and so substituting this back into Equation 4 we see that: 

EQ7. index, + 1 = 2 (code, -shifted,) + totals + bit. 

In addition to calculating successive values of "index", 
it is necessary to know when the calculation is completed. 
From the "C" code fragment we see that we are done when: 



EQ 8. index,^ t < total,,, 



Substituting from Equation 7 and Equation 1 we see that 
we are done when: 

EQ 9. 2 (code - shifted J + bit - cpb < 0 



In the hardware implementation of the present invention, 
the common term in Equation 7 and Equation 9, (COde n - 

shiftedj is calculated one phase before the remainder of 

these equations are evaluated to give the final result and 
the information that the calculation is "done". 

One word of warning- In various pieces of "C ,f code, 
notably the behavioral compiled code Huffman Decoder and 
the sm4code projects, the M C" fragment is used almost 
directly, but the variable "s" is actually called 
"shifted". Thus, there are two different variables called 
"shifted". One in the "C" code and the other in the 
hardware implementation. These two variables differ by a 
factor of two. 

B. 2. 2. 1.1 Inverting the Data Bits 

There is one other -piece of information required to 
correctly decode the Huffman codes. This is the polarity 
of the coded data. It turns out that H.261 and JPEG use 
opposite conventions. This reflects itself in the fact 
that the start codes in H.261 are zero bits whilst the 
marker bytes in JPEG are one bits. 

In order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 
Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

MPEG uses a mix of the two conventions. In those aspects 
inherited from H.261, the H.261 convention is used. In 



those inherited from JPEG (the decoding of DC intra 
coefficients) the JPEG convent ion • is used, 
B. 2. 2. 1.2 Transform Coefficients Table 

When using the transform coefficients table in H.261 and 
MPEG, there are number of anomalies. First, the table in 
MPEG is a super-set of the table in H.261. In the hardware 
implementation of the present invention, there is no 
distinction drawn between the two standards and this means 
that an H.261 stream that contains codes from the extended 
part of the table (i.e., MPEG codes) will be decoded in the 
"correct 11 manner. Of course, other aspects of the 
compression standard may well be broken. For example; 
these extended codes will cause start code emulation in 
H.261. 

Second, the transform coefficient table has an anomaly 
chat means that it is not describable in the normal manner 
with the codes_per_bit tables. This anomaly occurs with 
the codes of length six bits. These code words are 
systematically substituted by alternate code words. In an 
encoder, the correct result is obtained by first encoding 
in the normal manner. Then, for all codes that are six 
bits or longer, the first six bits are substituted by 
another six bits by a simple table look-up operation. In 
a decoder, in accordance with the present invention, the 
decoding process is interrupted just before the sixth bit 
is decoded, the code words are substituted using a table 
look-up, and the decoding continues. 

In this case, there are only ten possible six-bit codes 
so the necessary look-up table is very small. The 
operation is further helped by the fact that the upper two 
bits of the code are unaltered by the operation. As a 
result, it is not necessary to use a true look-up table. 
Instead a small collection of gates are hard-wired to give 
the appropriate transformation. The module that does this 
is called # "hf tcf rng" . This type of code substitution is 
defined herein as a "ring" since each code from the set of 
possible codes is replaced by another code from that set 



(no new codes are introduced or old codes omitted) . 

Furthermore, a unique implementation is used for the very 
first coefficient in a block. In this case, it is 
impossible for an end-of-block code to occur and, 
therefore, the table is modified so that the most commonly 
occurring symbol can use the code that would otherwise be 
interpreted as end-of -block . This may save one bit. It 
turns out that with the architecture for decoding, in 
accordance with the present invention, this is easily 
accommodated- In short, for the first bit of the first 
coefficient the decoding is deemed "done" if "index" has 
the value zero. Furthermore, after decoding only a single 
bit there are only two possible values for "index", zero 
and one, it is only necessary to test one bit. 
B.2,2.1.3 Register and Adder Size 

The Huffman Decoder of the present invention can deal 
with Huffman codes that may be as long as 16 bits. 
However, the decoding machine is only eight bits wide. 
This is possible because we know that the largest possible 
value of the decoded Huffman Index number is 255. In fact, 
this could only happen in extended JPEG and, -in the current 
application, the limit is somewhat lower (but larger than 
128, so 7 bits will not suffice). 

It turns out that for all legal Huff man codes, not only 
the final value of "index", but all intermediate values lie 
in the range 0 to 255. However, for an illegal code, i.e., 
an attempt to decode a code that is not in the current code 
table (probably due to a data error) the index value may 
exceed 255. Since we are using an eight bit machine, it is 
possible that at the end of decoding, the final value of 
"index" does not exceed 255 because the more significant 
bits that tell us an error has occurred have been 
discarded* For this reason, if at any time during decoding 
the index value exceeds 255 (i.e., carry out of the adder 
that forms index) an error occurs and decoding is 
abandoned . 
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Twelve bits of "code" are preserved. This is not 
necessary for decoding Huffman codes where an eight bit 
register would have been sufficient. These upper bits are 
required for fixed length codes where up to twelve bits may 
5 be read. 

3*2.2,1,4 Operation for Fixed Length Codes 

For fixed length codes, the "codes per bit" value is 
forced to zero. This means that "total" and "shifted" 
remain at zero throughout the operation and "index" is, 
10 therefore, the same as code. In fact, the adders and the 
like only allow an eight bit value to be produced for 
H. "index". Because of this, the upper bits of the output 

word are taken directly from the "code" register when 
f|| decoding fixed length codes. When decoding Huffman codes 

ttl 15 these upper bits are forced to zero. 

The fact that sufficient bits have been read from the 
M: input is calculated in the obvious manner. A comparator 

W compares the desired number of bits with the "bit" counter. 

■ tssU 

B.2.2.2 Decoding Coefficient Data 

Q 2 0 The Parser State Machine, in accordance with the present 

invention, is generally only used for fairly high-level 
decoding* The very lowest level decoding within an eight- 
by-eight block of data is not directly handled by this 
state machine. The Parser State Machine gives a command to 

25 the Huffman Decoder of the form "decode a block". The 
Huffman Decoder, Index to Data Unit and ALU work together 
under the control of a dedicated state machine (essentially 
in the Huffman Decoder) . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 

30 There are also other feedback paths operational in this 
mode of operation. For instance, in JPEG decoding where 
the VLCs are decoded to provide SIZE and RUN information, 
the SIZE information is fed back directly from the output 
of the Index to Data Unit to the Huffman Decoder to 

3 5 instruct the Huffman Decoder how many FLC bits to read. In 
addition, there are several accelerators implemented. For 
instance, using the same example all VLC values which yield 
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a SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit, 
B. 2. 2.2.1 MPEG and H.261 AC Coefficient Data 

Figure 127 shows the way in which AC Coefficients are 
decoded in MPEG and H.261. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 
values representing the six bit RUN and the absolute value 
of the coefficient. A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 

Note that the data format at this point is sign-magnitude 
and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 

Two special cases exist and these are trapped by looking 
at the value of the decoded index before the Index to Data 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB, the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 
blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 
bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H.261 and it gives the sign of the level. The sign is 
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explicitly read in this implementation because it is 
necessary to send different commands to the ALU for 
negative values versus positive values . This allows the 
ALU to convert the twos complement value in the bit stream 
into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. If this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 
control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter. As shown in Figure 12 4, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman State 
Machine or an instruction stored in a register that has 
previously been received from the Parser State Machine. 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 
other instructions for the decoding are supplied by the 
Huffman State Machine. 
B.2,2.2,? MFEQ DC Coafficiant Data 

This is handled in the same way as JPEG DC Coefficient 
Data. The same (loadable) tables are used and it is the 
responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the Inverse Quantizer. 
B . 2 . 2 . 2 . 3 JPEG Coefficient Data 

Figure 12 0 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 
process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 



field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read. The remainder of the command is supplied by the 
Huffman State Machine. 

Figure 121 depicts flow charts for the Huffman decoding 
of both AC and DC Coefficients, 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables) . The Huffman index is 
then converted into the RUN and SIZE values in the Index to 
Data Unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and ZRL. These are the only two 
values for which no FLC bits are read. In the case when 
the decode index is neither of these two values, the 
Huffman Decoder immediately reads one bit of FLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually required. 
In the case of EOB, no further processing is performed by 
the Huffman State Machine in the Huffman Decoder and 
another command is read from the Parser State Machine, 

In the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
immediately commences decoding a further VLC (using the 
same table as before) . 

There is a particular problem with detecting the index 
values associated with ZRL and EOB . This is because 
(unlike H.261 and MPEG) the Huffman tables are 
downloadable. For each of the two JPEG AC tables, two 
registers are provided (one for ZRL and one for EOB) . 
These are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 
associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. This can be done by 



first sign-extending the value with the wrong sign. If the 
sign tfit^is now set, then the remaining bits are inverted 
(ones complement) . 

In the case of DC Coefficients, the decision making in 
the Huffman Decoding Stage is somewhat easier because there 
is no equivalent of the ZRL field. The only symbol which 
causes zero FLC bits to be read is the one indicating zero 
DC difference. This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 
each of the (downloadable) JPEG DC tables. 

The ALU of the present invention has the job of forming 
the final decoded DC coefficient by retaining a copy of the 
last DC Coefficient value (known as the prediction) . Four 
predictors are required, one for each of the four active 
color components. When the DC difference has been decoded, 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. Since DC 
coefficients are signed (because of the DC offset) 
conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of zero. In 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine, 
They are simply executed by the Parser State Machine. 

In a similar manner to the AC Coefficients, the ALU must 
first form the DC difference from the SIZE bits of FLC. 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. If the 
result is negative, then one must be added to form the 
correct value. This can, of course, be added at the same 
time as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some mention. There are 
effectively four sources of error that are detected: 

-Ran off the end of a table. 

•Serial when token expected. 



•Token when serial expected. 
-Too~many coefficients in a block. 

The first of these occurs in two situations. If the bit 
counter reaches sixteen (legal values being 0 to 15) then 
an error has occurred because the longest legal Huffman 
code is sixteen bits. If any intermediate value of "index" 
exceeds 255 then an error has occurred as described in 
section B . 2 . 2 . 1 . 3 . 

The second occurs when serial data is encountered when a 
Token was expected. The third when the opposite condition 
arises . 

The last type of error occurs if there are too many 
coefficients in a block. This is actually detected in the 
Index to Data Unit. 

When any of these conditions arises, the error is noted 
in the Huffman error register and the Parser state machine 
is interrupted. It is the responsibility of the Parser 
State Machine to deal with the error and to issue the 
commands necessary to recover. 

The Huffman cooperates with the Parser State Machine at 
the time of the interrupt in order to assure correct 
operation. When the Huffman Decoder interrupts the Parser 
State Machine, it is possible that a new command is waiting 
to be accepted at the output of the Parser State Machine. 
The Huffman Decoder will not accept this command for two 
whole cycles after it has interrupted the Parser State 
Machine. This allows the Parser State Machine to remove 
the command that was there {which should not now be 
executed) and replace it with an appropriate one. After 
these two cycles, the Huffman Decoder will resume normal 
operation and accept a command if a valid command is there. 
If not, then it will do nothing until the Parser State 
Machine presents a valid command. 

When any of these errors occur, the "Huffman Error" event 
bit is set and, if the mask bit is set, the block will stop 
and the controlling microprocessor will be interrupted in 
the normal manner. 
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One complication occurs because in certain situations, 
what looks like an error, is not actually an error. The 
most important place where this occurs is when reading the 
macroblock address. It is legal in the syntaxes of MPEG , 
5 H.261 and JPEG for a Token to occur in place of the 
expected macroblock address. If this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
interrupted. The Parser State Machine's code must 
10 recognize this "no error" situation and respond 
"X- accordingly* In this case, the "Huffman Error" event bit 

M will not be set and the block will not stop processing. 

Several situations must be dealt with. First, the Token 
f|| occurs immediately with no preceding serial bits. In this 

&f 15 case, a "Token when serial expected error" would occur. 

Instead, a "no error" error occurs in the way just 
described. 

!*f Second, the Token is preceded by a few serial bits. In 

ffj this case, a decision is made. If all of the bits 

Cl 20 preceding the Token had the value one (remember that in 
H " H.261 and MPEG the coded data is inverted so these are zero 

bits in the coded data file) then no error occurs. If, 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 
2 5 when serial expected" error does occur. 

Third, the token is preceded by many bits. In this case, 
the same decision is made. If all sixteen bits are one, 
then they are treated as padding bits and a "no error" 
error occurs. If any of them had been zero, then "Ran off 
30 Huffman Table" error occurs. 

Another place that a token may occur unexpectedly is in 
JPEG. When dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 
2 5 are. Because of this fact, after each table is completed 
it reads another 4-bit FLC assuming it to be a new table 
number. if, however, a new marker segment starts, then a 
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token will be encountered in place of the 4 bit FLC. This 
**** 

requirement is not foreseen and, therefore, an "Ignore 
Errors'* command bit has been added. 
B.2.2.4 Huffman Commands 
5 Here are the bits used by the Parser State Machine to 

control the Huffman Decoder block and their definitions. 
Note that the Index to Data Unit command bits are also 
included in this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
10 operate as one coherent logical block. 
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Name 
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Ignore Errors 
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Table B-2.2 Huffman Decoder Commands 
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Table Hufman Decoder Commands 

B. 2. 2.4.1 Reading FLC 

In this mode, Ignore Errors, Download, Alutab, Token, 
First Coeff , Special and VLC are all zero. Bypass will be 
set so that no Index to Data translation occurs. 

The binary number in Table[3:0] indicates how many bits 
are to be read* 

The numbers 0 to 12 are legal. The value zero does 
indeed read zero bits (as would be expected) and this 
instruction is, therefore, the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 
control to denote the use of "SSSS" as the number of bits 
of FLC to read. 
B « 2 . 2 . 4 . 2 Read inq VLC 

In this mode, Ignore Errors, Download, Alutab, Token, 
First Coefficient and Special are zero and VLC is one. 
Bypass will usually be zero so that Index to Data 
translation occurs . 

In this mode Token, First Coefficient and Special are all 
zero, VLC is one. 

The binary number in Table[3:0] indicates which table to 
use as shown; 



j Table(3.0j 


VLC Table to use 


0000 


TCoefficiem (MPEG and H.261) 


0001 


C8P (Coded Block Pattern) | 


0010 


mba (MacfocfocK Address) | 


| 0011 


WVO (Motron Vector Data) j 


! 0100 


tntra Mfype 


| 0101 


Predicted Mrype 


0110 


Interpolated Mrype | 


0111 


H.261 Mrype 


10x0 


JPEG (MPEG) OC Table 0 


10x1 


JPEG (MP£G) OC TaWe i | 


11x0 


JPEG AC Table 0 j 


11x1 


JPEG AC Table i j 



Table B.2-3 Huffman Tables 



Note that in the case of the tables held in RAM (i e 
the JPEG tables) bit l is not used so that the tabi 
selections occur twice. if a non-baseline JPEG decoder i 
built, then there will be four DC tables and four AC table 
and Tablet 1] will then be required. 

If Tabie( 3] is zero, then the input data is inverted a 
it is US ed in order that the tables are read correctly a 
H.261 style tables. In the case of Table ( 3 : 0 ] =0 , th< 
appropriate Ring modification is also applied. 
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B.2.2.4.3 KOP Instruction 

As previously described, the action of reading a FLC of 
zero bits is used as a Mo Operation instruction. Ho data 
is read from the input ports (either Token or Serial) and 
5 the Huffman Decoder outputs a data value of zero along with 
the instruction word. 

B«2.2.4*4 TCoefficient First Coefficient 

The H.261 and MPEG TCoefficient Table has a special non- 
Huffman code that is used for the very first coefficient in 

-^f 10 the block. In order to decode a TCoefficient at the start 
of a block, the First Coefficient bit may be set along with 
a VLC instruction with table zero. One of the many effects 

t]% of the First Coefficient bit is to enable this code to be 

Rl decoded. 

m 15 Note that in normal operation, it is unusual to issue a 

kk "simple" command to read a TCoefficient VLC. This is 

O because control is usually handed to the Huffman Decoder by 

setting the Special Bit. 
O B.2«2.4»5 Reading Token Words 

20 In order to read Token words, the Token bit should be set 

to one. The Special and First Coefficient bits should be 
zero. The VLC bit should also be set if the TablefO] bit 
is to work correctly. 

In this mode, the bits Table[l) and TablefO] are used to 
25 modify the behavior of the Token reading as follows: 
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M«anmg 


7aofe(0] 


Discard oacemg sets ot senai data 


Taoie(ti 


Oiscard a« cata. 



If both Table[0] and Table(l] are zero, then the presence 
of serial data before the token is considered to be an 
error and will be signalled as such. 

If Table [1] is set, then all serial data is discarded 
5 until a Token Word is encountered. Ho error will be caused 
by the presence of this serial data* 

If Table(0] is set, then padding bits will be discarded. 
It is, of course, necessary to know the polarity of the 
padding bits. This is determined by Table[3] in exactly 
10 the same way as for reading VLC data. If Table [3] is 
zero, input data is first inverted and then any "one" bits 
are discarded. If Table [3] is set to one, the input data 
is NOT inverted and "one" bits are discarded. Since the 
action of inverting the data depending upon the Table[3] 
15 bit is conditional on the VLC bit, this bit must be set to 
one. If any bits that are not padding bits are encountered 
(i.e., "l" bits in H.261 and MPEG) an error is reported. 

Note that in these instructions only a single Token word 
is read. The state of the extension bit is ignored and it 
20 is the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 
B . 2 . 2 . 4 . 6 ALU Registers Specify Table 

If the "Alutab" bit is set, registers in the ALU's 
25 register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2.4 ALU Register Selection 



VLC 


tabt«(3:0] 


ALU UOfe 


0 


xQtx 




0 


x\xx 




t 


xOxs 






xtxx 
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In the case of fixed length codes, the correct number of 
bits are "read for decoding the vectors. If r_size is zero, 
a NOP instruction results. 

In the case of Huffman codes, the generated table number 
5 has tablef 3] set to one so that the resulting number refers 
to one of the JPEG tables. 
B. 2.2*4.7 Special Instructions 

All of the instructions (or modes of operation) described 
thus far are considered as "Simple" instructions. For each 
10 command that is received, the appropriate amount of input 
data (of either serial of token data) is read and the 
resulting data is output. If no error is detected, exactly 
one output will be generated per command. 

In the present invention, special instructions have the 
15 characteristic that more than one output word may be 
generated for a single command. In order to accomplish 
this function, the Huffman Decoder's internal State Machine 
takes control and will issue itself instructions as 
required until it decides that the instruction which the 
20 Parser requested has been complete. 

In all Special instructions, the first real instruction 
of the sequence that is to be executed is issued with the 
Special bit set to one. This means that all sequences must 
have a unique first instruction. The advantage of this 
25 scheme is that the first real instruction of the sequence 
is available without a look-up operation being required 
based upon the command received from the Parser ♦ 
There are four recognized special instructions: 
* TCoef f icient 
3 0 -JPEG DC 

. • JPEG AC 
• Token 

The first of these reads H.261 and MPEG Transform 
coefficients, and the like, until the end-of-block symbol 
3 5 is read. If the block is a non-intra block, this command 
will read the entire block. In this case, the "First 
Coefficient" bit should be set so that the first 



coefficient trick is applied. If the block is an intra 
block, the DC term should already have been read and the 
"First Coefficient" bit should be zero. 

In the case of an intra block in H.261, the DC term is 
read using a "simple" instruction to read the 8 bits FLC 
value. In MPEG, the "JPEG DC" special instruction 
described below is used. 

The " JPEG " DC" command is used to read a JPEG style DC 
term (including the SSSS bits FLC indicated by the VLC) • 
It is also used in MPEG. The First Coefficient bit must be 
set in order that a counter (counting the number of 
coefficients) in the Index to Data Unit is reset. 

The "JPEG AC" command is used to read the remainder of a 
block, after the DC term until either an EOB is encountered 
or the 64* coefficient is read. 

The "Token" command is used to read an entire Token* 
Token words are read until the extension bit is clear. It 
is a convenient method of dealing with unrecognized tokens. 
B.2.2.4.8 Downloading Tables . 

In the present invention, the Huffman Decoder tables can 
be downloaded by using the "Download" bit. The first step 
is to nominate which table to download. This is done by 
issuing a command to read a FLC with both the Download and 
First Coeff bits set. This is treated as an NOP so no bits 
are actually read, but the table number is stored in a 
register and is used to identify which table is being 
loaded in subsequent downloading. 
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Table B.2.5 JPEG Tables 





Tao*e nominated 


lOxx 


JPEG DC Coces o«f &tt 


Un 


JPSG AC Cooes per Git 


OOw 


JPEG DC ineex to Oata 


Otxx 


JPEG AC index to Data 



As the above table shows, either the AC or DC tables can 
be loaded and table(3] determines whether it is the codes- 
per-bit table (in the Huffman decoder itself) or the Index 
5 to Data table that is loaded. 

Once the table is nominated, data is downloaded into it 
by issuing a command to read the required number of FLC 
(always 8 bits) with the Download bits set (and the First 
Coef f bit zero) . This causes the decoded data to be 

10 written into the nominated table. An address counter is 
maintained, the data is written at the current address and 
then the address counter is incremented. The address 
counter is reset to zero whenever a table is nominated* 
When downloading the Index to Data tables, the data and 

15 addresses are monitored. Note that the address is the 
Huffman Index number while the data loaded into that 
address is the final decoded symbol. This information is 
used to automatically load the registers that hold the 
Huffman index number for symbols of interest. Accordingly, 

20 m a JPEG AC table-, when the data has the value 
corresponding to ZRL is recognized, the current address is 
written into the register C£D_H_KEY_ZRL_INDEXO or 
CED_H_KEY_ZRL_INDEX1 as indicated by the table number. 

Since decoded data is written into the codes-per-bi t 

2 5 table one phase after it has been decoded, it is not 
possible to read data from the table during this phase. 



Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction will 
fail. There is no reason why such a sequence should occur 
in any real application (i.e., when doing JPEG). It is, 
5 however, possible to build simulation tests that do this. 
B.2.2.5 Huffman State Machine 

The Huffman State Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder commands 
that are internally generated in certain cases. All of the 
C!l 10 commands that may be generated by the internal state 
J^J machine may also be provided to the Huffman Decoder by the 

\| Demux. 

Nt The basic structure of the State Machine is as follows. 

IS' When a command is issued to the Huffman Decoder, it is 

yj 15 stored in a series of auxiliary latches so that it may be 
^ reused at a later time. The command is also executed by 

the Huffman Decoder and analyzed by the Huffman State 
\*h Machine. If the command is recognized as being the first 

~2 of a known instruction sequence and the SPECIAL bit is set, 

|T 2 0 then the Huffman Decoder State Machine takes over control 

of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 

for the Huffman Decoder: 

1) The Parser State Machine - this choice is made 
25 at the completion of the special instruction 

(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 

3 0 command. 

3) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 

In case (2), it is possible that the table number is 
provided by feedback from the Index to Data Unit, this 
35 would then replace the field in the Huffman State Machine 
ROM. 

In case (1), in certain instances, table numbers are 



provided by values obtained from the ALU register file 
(e.g.,"" in the case of AC and DC table numbers and F- 
numbers) . These values are stored in the auxiliary command 
storage, so that when that command is later reused the 
5 table number is that which has been stored. It is not 
recovered again from the ALU since, in general, the 
counters will have advanced in order to refer to the next 
block. 

Since the choice of the next instruction that will be 
10 used depends upon the data that is being decoded, it is 
necessary for the decision to be made very late in a cycle. 
Accordingly, the general structure is one in which ail of 
the possible instructions are prepared in parallel and 
multiplexing late in the cycle determines the actual 
15 instruction. 

Note that in each case, in addition to determining the 
instruction that will be used by the Huffman Decoder in the 
next cycle, the state machine ROM also determines the 
instruction that will be attached to the current data as it 
2 0 passes to the Index to Data Unit and then onto the ALU . In 
exactly the same way, all three of these instructions are 
prepared in parallel and then a choice is made late in the 
cycle . 

Again, there are three choices for this part of the 
25 instruction that correspond to the three choices for the 
next Huffman Decoder instruction above. 

1) A constant instruction suitable for End of 
Block. 

2) The Huffman State Machine. The Huffman State 
30 Machine may provide an arbitrary instruction for 

the Index to Dat^ Unit. 

3) The original instruction that was issued by the 
Parser to start the instruction. 

B. 2«2.s.i £QB comparator 
35 The EOB comparator's output essentially forces selection 

of the constant instruction to be presented to the Index to 
Data Unit and will also cause the next Huffman Instruction 



to be ^the next instruction from the Parser. The exact 
function ""of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the EOB comparator, there are four registers 
holding the index of the EOB symbol in the AC and DC JPEG 
tables. In the case of the DC tables, there is of course 
no End-Of-Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. Since this 
causes zero bits of FLC to be read in exactly the same way 
as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, 1, can also be used. This is the index 
number of the EOB symbol in H.261 and MPEG. 
B.2.2.S.2 2RL Comparator 

In the present invention, this is the more general 
purpose comparator. It causes the choice of either the 
Huffman State Machine instruction or the Original 
Instruction for use by the I to D. 

Behind the ZRL comparator, there are four values. Two 
are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H.261) . 

The constant zero is' used in the case of an FLC. The 
constant 12 is used whenever the table number is less than 
8 (and VLCJ . One of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 
comparator and another is provided to invert its action. 

.If the TOKEN bit in the instruction is set, the 
comparator output is ignored and replaced instead by the 
extn bit. This allows for running until the end of a 
Token. 

g.2.2.5.3 Huffman State Machine ROM 

The instruction fields in the Huffman State Machine are 
as follows: • • 



nxtstate[ 4 : 0] 

The address to use in the next cycle. This address may 
be modified, 
statecti 

Allows modification of the next state address. If zero, 
the state machine address is unmodified, otherwise the LSB 
of the address is replaced by the value of either of the 
two comparators as follows: 



nxisuie{G) 




0 


Replace LsD oy EOS matcft 


t 


Replace Lsb by ZRL match 



Note: in any case, if the next Huffman Instruction is 
selected as "Re-run original command" the state machine 
will jump to location 0, 1, 2 or 3 as appropriate for the 
command * 

eobct[ 1:0] 

This controls the selection of the next Huffman 
instruction based upon the EOB comparator and extn bit as 
follows : 



eoDct!(l:0l 




00 


No e«ect * see mc:iH:0i 


01 


Take new (Parser) command if EOB 


10 


Take -ew (Parser) command rf exvi iow 


11 


Unconditional Oemux instruction 



zrlct [ 1 : 0 ] 

This controls the selection of the next Huffman 
instruction based upon the ZRL comparator. If the 



condition is met, then it takes the state machine 
instruction, otherwise it re-runs the original instruction. 
In either case, if an eobctl*^ condition takes a demux 
instruction then this (eobctl*+) takes priority as follows: 



zrictl(t:0| 




00 


N«v*r ;ake SM (always re-mn) 


Ot 


Aiways tafce SM command 


10 


SM t/ ZP.l maicr.es 


n 


SM if ZSl does not match 



5 smtab(3:0J 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However, if 
the ZRL comparator matches, then the zrltab[3:0J field is 

10 used in preference* 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab(3:0] and zrltab{3:0J will have the same value. Note, 
however, that this can lead to strange simulation problems 

15 in Lsim* In the case of MPEG , there is no obvious 
requirement to load the registers that indicate the Huffman 
index number for ZRL (a JPEG only construction) . However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 

20 smtab[3:0] and Erltab(3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

zrltab[ 3 : 0] 

2 5 This is the table number that will be used by the Huffman 

decoder if the selected instruction is the state machine 
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instruction. However, if the ZRL comparator matches then 
the 2ritab(3:0j field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
5 si7itab[3:0] and zrltab[3:0] will have the same value. Note, 
however, that this can lead to strange simulation problems 
in Lsim. In the case of KFEG, there is no obvious 
requirement to load the register that indicate the Huffman 
^ index number for ZRL (a JPEG only construction) . However, 

J, 10 these are still selected and the output of the ZRL 
Ni comparator becomes "unknown" despite the fact that both 

Cj smtab(3:0] and zrltab(3:0] have the same value in all cases 

f|| that the ZRL comparator may be "unknown" (so it does not 

matter which is selected) the next state still goes to 
^ 15 "unknown". 

zrltab(3:0} 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machine 
Ci instruction and the ZRL comparator matches. 

20 smvlc 

This is the VLC bits used by the Huffman Decoder if the 
se-lected instruction is the state machine instruction. 
aluzrl[l:0] 

This field controls the selection of the instruction that 
25 is passed to the ALU. It will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 
machine; 



aluzri(1:0l 




00 


Always take Lie saved Parser Slate Macnine Command 


01 


Always take trie Huffman State Machine Command 


to 


TaKe me Hitman SM command if not SOS 


n 


Take trie Huffman SM command tf not ZfcL 



a lueob 
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Thisjtfire controls modification of the instruction passed 
to the ALU based upon the EOB comparator. This simply 
forces the ALU's output mode to "zinputV This is an 
arbitrary choice; any output mode apart from "none" will 
5 suffice. This is to ensure that the end-of-lock command 
word is passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 



atueob 




0 


Oo not modify ALU outsrc fieid 


1 


Fo'ca "zinpuf into outsrc if SOB match 



T. The remainder of the fields are the ALU instruction 

p; fields. These are properly documented in the ALU 

^ w lo description. 

S B.2.2.S.4 Huffman State Machine Modification 

In one embodiment of the state machine, the Index to Data 
Unit needs to "know" when the RUN part of an escape-coded 
Tcoefficient is being passed to the Index to Data Unit. 

15 While this can be accomplished using an appropriate bit in 
the control ROM, but to avoid changing the ROM, an 
alternative approach has been used. In this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 

2 0 designated in the ROM dealing with the RUN field. Of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover, 
the af oredescribed approach of using a bit in the control 
ROM could be utilized. 

2 5 B«2.2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
"hd" . Logically, "hd" actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation) . Accordingly, "hd M includes the following 
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major blocks; 









Table B.2.6 Huffman Modules 


Module Name 


Oesc.voticn 




Huffman Cecocef (Amnmenc} aataoatn * 




Huffman State Macfttne Caiasam 


hfitod 


index to Data Unit 



The following description of the Huffman modules is 
accomplished by a global explanation of the various 
5 subsystem areas shown in greater detail in the drawings 
which are readily comprehended by one of ordinary skill in 
the art. 

B. 2. 2. 6.1 Description of M hd" 

The logic for the two-wire interface control usually 

10 includes three ports controlled by the two-wire interface; 
data input, data output and the command. In addition, 
there are two "valid" wires from the input shifter; 
token_valid indicating that a Token is being presented on 
in_data(7:0] and serial_valid indicating that data is being 

15 presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority of pho 
latches are not enabled whilst two enables are provided for 

20 those that are; eO associated with serial data and eOt 
associated with Token data. 

In the present invention, the "done' 1 signals (done, 
notdone and their phO variants doneO and notdoneO) indicate' 
when a primitive Huffman command is completed. In the case 

2 5 when a Huffman State Machine command is executed, "done 11 
will be asserted at the completion of each primitive 
command that comprises the entire state-machine command. 



The signal notnew prevents the acceptance of a new command 
from the^ Parser State Machine "until the entire Huffman 
State Machine command is completed. 

Regarding control of information received from the Index 
to Data Unit, the control logic for the "size" field is fed 
back to the Huffman decoder during JPEG coefficient 
decoding. This can actually happen in two ways. If the 
size is exactly one, this is fed back on the dedicated 
signal notfboneO. Otherwise, the size is fed back from the 
output of the Index to data unit ( out_data [ 3 : 0 ] and a 
signal fbvalidl indicates that this is occurring. The 
signal muxsize is produced to control the multiplexing of 
the fed-back data into the command register (sheet 10) . 

In addition, there is feedback that exactly 64 
coefficients have been decode. Since in JPEG the EOB is 
not coded in this situation, the signal forceeob is 
produced. By analogy, with the signals for feeding back 
size, as mentioned above, there are in fact two ways in 
which this is done. Either jpegeob is used (a phi signal) 
or jpegeobO. Note that in the case when a normal feedback 
is made (jpegeob), the latch i_97i is only loaded as the 
data is fed back and not cleared until a new Parser State 
Machine command is accepted* The signal forceeob does not 
actually get generated until a Huffman code is decoded. 
Thus, the fixed length code (i.e., size bits) is not 
affected, but the next Huffman coded information is 
replaced by the forced end of block. In the case when size 
is one and jpegeobO is used, only one bit is read and, 
therefore, i_l255 and i_1256 delay the signal to the 
correct time. Note that it is impossible for a size of 
zero to occur in this situation since the only symbols with 
size zero are EOB and ZRL. 

The decoding is fairly random decoding of the command to 
produce tcoeff_tabO (Huffman decoding using Tcoeff table), 
mbajtabO (Huffman decoding using the MBA table) and nop (no 
operation) . There are several reasons for generating nop. 
A Fixed length code of size zero is one, the forceeob 



signal is another (since no data should be read from the 
input shifter even though an output is produced to signal 
EOB) and lastly table download nomination is a third. 

notfrczero (generated by a FLC of size zero, a NOP) 
5 ensures that the result is zero when a NOP instruction is 
used. Furthermore, invert indicates when the serial bits 
should be inverted before Huffman decoding (see section 
B. 2. 2. l.l). ring indicates when the transform coefficient 
ring should be applied (see section B. 2*2. 1.2). 
^ 10 Decoding is also accomplished regarding addressing the 

J3 codes-per-bit ROMs. These are built out of the small data- 

" : f path ROMs. The signals are duplicated (e.g., csha and 

csla) purely to get sufficient drive by separating the ROMs 
PJ. into two sections. The address can be taken either from 

15 the bit counter (bit[3:0]J or from the microprocessor 
s interface address {key-addr [ 3 : 0 ] ) depending upon UP I access 

H : to the block being selected. 

Additional decoding is concerned with the UPI reading of 
|B registers such as those that hold the Huffman index values 

O 20 for the JPEG tables (EOB, ZRL etc.). Also included is a 
tristate driver control for these registers and the UPI 
reading of the codes per bit RAMs . 

Arithmetic datapath decoding is also provided for certain 
important bit numbers. first_bit is used in connection 
25 with the Tcoeff first coefficient trick and bit_five is 
concerned with applying the ring in the Tcoeff table. Note 
the use of forceeob to simulate the action that the EOB 
comparator matches the decod&d index value. 

Regarding the extn bit, if a token is read from the input 
30 shifter, then the associated extn bit is read along with 
it. Otherwise, the last value of extn is preserved. This 
allows the testing of the extn bit by the microcode program 
at any time after a token has been read. 

When zerodat is asserted, the upper four bits of the 
2 5 Huffman output data are forced to zero. Since these only 
have valid values when decoding fixed length codes, they 
are zeroed when decoding a VLC, a token or when a NOP 



instruction is executed for any reason. 

Furfhe'Y circuitry detects when each command is completed 

and generates the "done" signals. Essentially, there are 

two groups of reasons for being "done"; normal reasons and 
5 exceptional reasons. These are each handled by one of the 

two three way multiplexers. 

The lower multiplexer (i_1275) handles the normal 

reasons. In the case of a FLC, the signal ndnflc is used. 

This is the output of the comparator comparing the bit 
$*\ 10 counter with the table number. In the case of a VLC, the 

*0 signal ndnvlc is used. This is an output from the 

S/l arithmetic datapath and reflects directly Equation 9. In 

%J the case of an NOP instruction or a Token, only one cycle 

vf is required and, therefore, the system is unconditionally 

5 15 "done". 

a In the present invention, the upper multiplexer (i_1274) 

handles exceptional cases. If the decoder is expecting a 
U :: size to be fed back (fbexpctdO) in JPEG decoding and that 

OB size is one (notfboneO) , then the decoder is done because 

2 0 only one bit is required. If the decoder is doing the 
first bit of the first coefficient using the Tcoeff table, 
it is done if bit zero of the current index is zero (see 
Section B. 2.2. 1.2). If neither of these conditions are met 
then there is no exceptional reason for being done. 
25 The NOR gate (i_1293) finally resolves the "done" 

condition* The condition generated by i-570 (i.e., that 
the data is not valid) forces "done". This may seem a 
little strange. It is used primarily just after reset to 
force the machine into its "done" state in preparation for 
20 the first command ("done" resets all counters, registers, 
etc.). Note that any error condition also forces "done". 

The signal notdonex is required for use in detecting 
errors. The normal "done" signals cannot be used since on 
detectxng an error "done" is forced anyway. The use of 
35 "done" would give a combinatorial feedback loop. 

Error detection and handling, is accomplished by 
circuitry which detects all of the possible error 



conditions. These are ORed together in i_ll90. In this 
case, i_H93, i-585 and i_584 constitute the three bit 
Huffman error register. Note i_l253 and i-1254 which 
disable the error in the cases when there is no "real" 
error (section B.2.2.3). 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of the first command after an error is detected ♦ 

As previously indicated, control signals are delayed to 
match pipeline delays in the Index to Data Unit and the 
ALU* 

Itod_bypass is the actual bypass signal passed to the 
Index to Data Unit. It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 
length code is decoded. 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 
(rather than each time one of the primitive commands 
completes) . 

Aluinstr(36] is the bit that allows the ALU to step the 
block counters (if other ALU instruction bits specify an 
increment too). This also must only be asserted once. 

In addition, these bits must only be asserted for ALU 
instructions that output data to the Token Formatter. 
Otherwise, the counters may be incremented prior to the 
first output to the Token formatter causing an incorrect 
value of M cc M in a DATA token. 

In the illustrated embodiment of the invention, either 
alunode[l] or alunode[0] will be low if the ALU will output 
to the Token Formatter. 

Figure 118, similar to Figure 27, illustrates the Huffman 
State Machine datapath referred to as "hdstdp" . There is 
also a UPI decode for reading the output of the Huffman 
State machine ROM. 

Multiplexing is provided to deal with the case when the 



table number is specified by the ALU register file 
locations (see Section B.2.2.4.6). 

The modification of aluinstr [ 3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
B.2.2.5.3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (x) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 

Selhold causes the register to retain its current state* 

Selr.ew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
that retain the original Parser State Machine command for 
later use. 

Selold causes loading of the command from the registers 
that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huffman 
State Machine ROM. 

In the case of the table number, the situation is 
slightly more complicated since the table number may also 
be loaded from the output data of the Index to Data Unit 
(selholdt and muxsize) . Latches hold the current address 
in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 
signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
"simple* command) . The signal notignorerom effectively 
disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU . 

The circuitry generating fixstateO controls the limited 
jumping capability of this state machine. 

Decoding is also provided for driving the signals into 
the Huffman State Machine ROM . This is datapath-style 
combinator ia 1 ROM . 



The generation of escape_run is described in Section 
B. 2 . 2 . T. 4*. 

Decoding also provides for the registers that hold the 
Huffman Index number for symbols such as ZRL and EOB. 
These registers can be loaded from the UPI or the datapath. 
The decoding in the center (es ( 4 : 0 ] and zs(3:G) is 
generating the select signals for the multiplexers that 
select which- register or constant value to compare against 
the decode Huffman Index. 

Regarding the control logic for the Huffman State 
Machine. Here the "instruction" bits from the Huffman 
State Machine ROM are combined with various conditions to 
determine what to do next and how to modify the instruction 
word for the ALU. 

In the present invention, the signals notnew, notsm and 
notold are used on sheet 10 to control the operation of the 
Huffman Decoder command register. They are generated here 
in an obvious manner from the control bits in the state 
machine ROM (described in Section B.2.2.5.3) together with 
the output of the Huffman Index comparators (neobmatch and 
nzrlmatch) . 

Selection is also accomplished of the source for the 
instruction passed to the ALU . The actual multiplexing is 
performed in the Huffman State Machine datapath "hfstdp". 
Four control signals are generated. 

In the case when the end-of-block has not been 
encountered, one of aluseldmx (selecting the Parser State 
Machine instruction) or aluselsm (selecting the Huffman 
state machine instruction) will be generated. 

In the case when the end-of-block has not been 
encountered, one of aluseleobd (selecting the Parser State 
Machine instruction) or aluseleobs (selecting the Huffman 
State Machine instruction) will be generated. In addition 
the "outsrc" field of the ALU instruction is modified to 
force it to "zinput". 

A register holds the nominated table number during table 
download. Decoding is provided for the codes-per-bit RAMs. 



Additional decoding recognizes when symbols like EOB and 
ZRL are * downloaded so that the Huffman Index number 
registers can be automatically loaded* 

Regarding the bit counter, a comparator detects when the 
5 correct number of bits have been read when reading a FLC. 

B.2.2.6.2 Description of "hddp" 

Comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob[7:0] and mzr[7;0]) select which value to 
10 use and the exclusive-or gates and gating constitute the 
CI comparators. 

JJt Adders and registers directly evaluate the equations 

\| described in Section B.2.2.1. No further description is 

j£ thought necessary here. An exclusive or is used for 

JiJ 15 inverting the data (i_307) described in Section B. 2. 2. 1.1. 
yj The "code" register is 12 bits wide. A multiplexing 

s arrangement implements the "ring" substitution described in 

pi. Section B. 2. 2. 1.2. 

N :: Regarding the pipeline delays for data and multiplexing 

2 0 between decoded serial data (index[7:0]) and Token data 
( ntokenO ( 7 : 0 ] ) , the Huffman index value is decided in ZRL 
and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 

2 5 because the table select information arrives late. All 

tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram" . 

3 0 B.2.2.6.3 Description of "hdatdo" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
3 5 Formatter. It only processes about half of the instruction 
word that is passed to the ALU , the remainder being dealt 
with by the other module "hdstmod". 
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"Hdstmod" includes the Huffman State Machine ROM. Some 
bits of "this instruction are used by the Huffman state 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
5 Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel" is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
10 remainder of the circuitry is concerned with UPI read 
access to half of the Huffman State Machine ROM outputs. 
Buffers are also used for the control signals. 
B.2.3 The Token Formatter 

The Huffman Decoder Token Formatter, in accordance with 
15 the present invention, sits at the end of the Huffman 
block* Its function, as its name suggests, is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
20 Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATA_TOKEN . 
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The Microinstruction Word 

Table B.2.7 The Microinstruction 
word consisting of seven fields 





^e'd Name 


3i!S 






0:7 




Mask 


8:11 




3loc* Type (3!) 


12::3 




jErternaJ Extn (E*) 


14 




Demux Extn (Oe} 


15 




End of 810CK (So) 


16 




Command (Cmd) 


17 



17 15 15 14 



12 



2m£ j & De 5s Bt Mask Token 

The Microinstruction word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
by the same accept as the Data word. 
B.2.3.2 Operating Modes 

Table B*2*8 Bit Allocation 



Cmd 


Mode 


0 


Oaca.wofd 


i 


Oata. Token 



Word 

In this mode, the top eight bits of the input are fed to 
the output. The bottom eight bits will be either the 
bottom eight bits of the input, the Token field of the 
Microinstruction word or a mixture of both, depending on 
the mask field. Mask represents the number of input bits 
In the mix, i.e. 

out_data { 16 : a] =in_data [16:8] 

out_data{7 : 0}= (Token [7 : 0] & (f f <<mask) ) indata[7 : 0] 

When mask is set to 0 x 8 or greater, the output data 
will equal the input data. This mode is used to output 
words in non-DATA Tokens. With mask set to 0, out_data [ 7 : 0 ] 
will be the Token field of the Microinstruction word. This 
mode is used for outputting Token headers that contain no 
data. When Token headers do contain data, the number of 
data bits is given by the mask field. 

If External Extn(Ee) is set, out_extn=in_extn , 

otherwise 

out_extn=De. Bt and Eb are "don't care". 
B«2.3.2«2 Data Token 

This mode is used for formatting DATA Tokens and has two 
functions dependent on a signal, f irst_coef f icient . At 
reset, first__coeff icient is set. When the first data 
coefficient arrives along with a Microinstruction word that 
has cmd set to 1, out_data [ 16 : 2 ] is set to 0 x 1 and 
out_data[l:0] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token. 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, RL and 
first_coeff icient takes the value of Eb. When the next 
coefficient arrives, out_data [ 16 : 0 ] takes the previous 
coefficient, stored in RL. RL and first_coeff icient are 
then updated. This ensures that when the end of the block 
is encountered and Eb is set, first_coeff icient is set, 
ready for the next DATA Token, i.e., 



out_daca[l;OJ = 3t(l:QJ 
RLfX6:0] • ia.d*ta{16;0] 

} 

C 

Out.dAta(H:0] - RL(16:0] 
RL(16:0) - io_data (1« - 0] 

} 

our_extn • -cb 

B.2.3«3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser State Machine. However, two of the fields are 
actually supplied by other circuitry. The "Bt" field 
mentioned above is connected directly to an output of the 
ALU block. This two bit field gives the current value of 
"cc" or "color component*'. Thus, when a DATA Token header 
is constructed , the lowest order two bits take the color 
component directly from the ALU counters. Secondly, the 
"Eb" bit is asserted in the Huffman decoder whenever and 
End-of -block symbols id decoded (or in the case of JPEG 
when one is assumed because the last coefficient in the 
block is coded) * 

The in_extn signal is derived in the Huffman Decoder. It 
only has meaning with respect to Tokens when the extension 
bit is supplied along with the Token word in the normal 
way . 



B.2.4 The Parser state Machine 

The Parser State Machine of the present invention is 
actually a very simple piece of circuitry. The 
complication lies in the programming of the microcode ROM 
5 which is discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address* This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple incrementer and 
10 this incremented address is one of two possible addresses 
to be used for the next state. The other addiess is a 
field in the microcode ROM itself. Thus, each instruction 
%| is potentially a jump instruction and may jump to a 

JJf location specified in the program. If the jump is not 

l7ir 15 taken, control passes to the next location in the ROM* 
s A series sixteen condition code bits are provided. Any 

one °f these conditions may be selected (by a field in the 
y :: microcode ROM) and, in addition, it may be inverted (again 

0!l a bit in the microcode ROM) . The resulting signal selects 

a rf 2 0 between either the incremented address or the jump address 
in the microcode ROM . One of the conditions is hard-wired 
to evaluate as "False". If this condition is selected, no 
jump will occur. Alternatively, if this condition is 
selected and then inverted, the jump is always taken; an 
25 unconditional jump. 



Table B.2.9 Condition Code Bits 



SttNo 


Name 


Cescnctic^ 


0 


userpj 


Connected *o a 'e^'Sie' rroc/a—r'a-ie cy trse ^s^ r Ser- 
ine fr.rc'oofocessof •ntsn'acs They a now \ser ceVec* 
condition codes tr.at can zs tested «t;n iirr.* cve'-eas 
Two are defined to conr/o* non-starsard 'Ceded ijioc* 
Pattern' processing fee experimental - fciocx arc 3 ;ic<t 
macrcfclock structures. 


1 


us«fMJ 


2 


CCC„eic,nt 


3 


COO SEftCiaf 


4 


he(G] 


These ons connect flirecuy to the f-ru*man cecccer s 
Huffrr.an error* register. 


5 


he(tj 


6 


ne[2} 


7 




The Extension b»t (for Tokens) 


3 


3 ikon 


The Siock Pattern Shtfie/ 


9 


MBstart 


At Stan of a Macrocioefc 


10 


?ics:an 


At Stan of a Picture i 


n 


Restan 


At Stan of a Restart interval | 


12 




The *Sucky Change Detect &u 


t3 


Zero 


ALU zero condition 


t4 


Sign 


ALU s;$n condition 


* 5 


Fafse 


Hard wired to raise. 



B-2.4.1 Two wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
two-wire interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM. In addition, condition codes 
are fed back through a wire from the ALU . 

Each command has a bit in the microcode ROM that allows 
it to specify that it should wait for feedback. If this 
occurs, then after that instruction has been accepted by 
the Huffman Decoder, no new commands are presented until 



the feedback wire from the ALU becomes asserted. This 
wire, fb__valid, indicates that the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
5 requested the wait for feedback. 

The intended use of the feature, in accordance with the 
present invention, is in constructing conditional jump 
commands that decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data. 
^ 10 Without this facility it would be impossible to test any 
|| conditions depending upon data in the pipeline since the 

^ two-wire control means that the time at which a certain 

^1 command reaches a given processing block (i.e., the ALU in 

Rl this case) is uncertain. 

f^l 15 Not all instructions are passed to the Huffman Decoder, 

s Some instructions may be executed without the need for the 

r ^;; : data pipeline. These tend to be jump instructions. A bit 

rr in the microcode ROM selects whether or not the instruction 

{l| will be presented to the Huffman Decoder. If not, there is 

2 0 no requirement that the Huffman Decoder accept the 

instruction and, therefore, execution can continue in these 
circumstances even if the pipeline is stalled. 
B.2.4.2 Event Handling 

There are two event bits located in the Parser State 
25 Machine. One is referred to as the Huffman event and the 
other is referred to as the Parser Event. 

The Parser Event is the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 
30 Parser Event by setting this bit. Typically, the 
instruction that does ■ this will write an appropriate 
constant into the rom_control register so that the 
interrupt service routine can determine the cause of the 
interrupt . 

3 5 After servicing a Parser Event (or immediately if the 

event is masked out) control resumes at the point where it 
left off. If the instruction that caused the event has a 



jump instruction (whose condition evaluates true) then the 
jump is taken in the normal manner. Hence, it is possible 
to jump to an error handler after servicing by coding the 
jump . 

5 A Huffman event is rather different. The condition being 

monitored is the "OR" of the three Huffman Error bits. In 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 

10 occurs. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 

15 handler. There is no "call 11 mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handling. 

It is possible for huffintrpt to be asserted without a 

2 0 Huffman error being generated. This occurs in the special 

case of a "no-error" error as discussed in Section B. 2.2.3. 
In this case, no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). Since the Huffman error 

25 register will be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly. 
B.2.4.3 special locations 

There are several special locations in the microcode ROM. 

30 The first four locations in the ROM are entry points to the 
main program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register, 
coding_std. Since this location is itself reset to zero by 

3 5 a true reset control passes to location zero. However, it 

is possible to reset the Parser State Machine alone by 
using the UPI register bit CED_HJTRACE_RST in CED H TRACE. 



In this case, the coding_std register is not reset and 
control' passes to the appropriate one of the first four 
locations . 

The second four locations (0 x 004 to 0 x 007) are used 
when a Huffman interrupt takes place. Typically, a jump to 
the actual error handler is placed in each of these 
locations. Again, the choice of location is made as a 
result of the. coding standard. 
B.2.4.4 Tracing 

As a diagnostic aid, a trace mechanism is implemented. 
This allows the microcode to be single-stepped. The bits 
CED_H_TRACE_EVENT and CED_H_TRACE_KASK in the register 
CED_H_TRACE control this. As their names suggest, they 
operate in a very similar fashion to the normal event bits. 
However, because of several differences (in particular no 
UPI interrupt is ever generated) they are not grouped with 
the other event bits. 

The tracing mechanism is turned on when CED_H_TRACE_KASK 
is set to one. After each microcode instruction is read 
from the ROM , but before it is presented to the Huffman 
Decoder, a trace event occurs. In this case, 

CED_H_TRACE_EVENT becomes one. It must be polled because 
no interrupt will be generated. The entire microcode word 
is available in the registers CED_H_KEY_DMX_WORD_0 through 
CED_H_K£Y_DMX_W0RD_9 . The instruction can be modified at 
this time if required. Writing a one to CED_H_TRACE_EVENT 
causes the instruction to be executed and clears 
CED_HJTRACE_EVENT. Shortly after this time, when the next 
microcode word to be executed has been read from the ROM, 
a new trace event will occur. 
B.2.5 The Microcode 

The microcode is programmed using an assembler "hpp" 
which is a very simple tool and much of the abstraction is 
achieved by using a macro preprocessor. A standard "C" 
preprocessor M cpp" may be used for this purpose. 

The code is instructed as follows: 

Ucode.u is the main file. First, this includes tokens. h 



to define the tokens. Next, regfile.h defines the ALU 
register \ap. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
5 that are used in the code are defined. After this step, 
instr.u is included to define a large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next, 
unword.u defines the order in which the fields are placed 
10 to build the microcode word. 

rK- The remainder of ucode.u is the microcode program itself. 

M b. 2.5*1 The Instructions 

J! In this section the various instructions defined in 

f|| ucode.u are described. Not all instructions are described 

05 15 here since in many cases they are small variations on a 
^ theme (particularly the ALU instructions) . 

B. 2. 5. i.l Huffman and Index to Data Instructions 

In the invention, the H_NOP instruction is used by the 
^ Huffman Decoder. It is the No-operation instruction. The 

D 2 0 Huffman does nothing in the sense that no data is decoded. 

The data produced by this instruction is always zero. 

Accordingly, the associated instruction is passed onto the 

ALU. 

The next instructions are the Token groups; H_TOKSRCH, 
2 5 H_TOKSKIP_PAD, H_TOKSKIP_JPAD , H_TOKPASS and H_TOKR£AD . 
These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. H_T0KREAD reads a 
single token word. H_TOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
30 The associated command is repeated for each word of the 
Token. HJTOKSRCH discards all serial data preceding a 
Token and then reads one token word. HJTOKSKIP_PAD skips 
any padding bits (H-261 and MPEG) and then reads one Token 
word. H_TOKSKIP_JPAD does the same thing for JPEG padding. 
2 5 H_FLC(NB) reads a fixed length code of "NB" bits. 

H_VLC(TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., HJ/LC ( tcoef f ) ) . 
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H_FLC_IE(NB) is like H_FLC, but the "ignore errors' 1 bit 
is setT 

H_TEST_VLC(TBL) is like H_VLC, but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
Data Unit unmodified, 

H_FWD_R and H_BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_size and r_bwd_r_size , 
respectively . 

H__DCJ reads JPEG style DC coefficients, the table number 
from the ALU. 

H_DCH reads a H.261 DC term. 

H_TCO£FF and H_DCTCOEFF read transform coefficients. In 
H_DCTCOEFF, the first coeff bit is set and is for non-intra 
blocks, whilst H_TCOEFF is for intra blocks after the DC 
term has already been read. 

H_NOMINATE (TBL) nominates a table for subsequent 
download . 

H_DNL(NB) reads NB bits and downloads them into the 
nominated table. 
B.2«5 V 1.2 ALU Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load" 
instruction is used. In the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x., i.e., 
the destination is listed first and the source second: 



_Table B.2.10 Letters used to denote possible 
sources and destinations of data 



ler.sr 




A 


A /agister 


R 


Run raster 


1 


Data incut 


0 


Data Outout 


P 


ALU register F : Je 


c 


Constant 


z 


Constani of zero 



By way of example, LDAI loads the A register with the 
data from the data input port of the ALU. If the ALU 
register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file. 

The ALU has the ability to modify data as it is moved 
from source to destination. In this case, the arithmetic 
is indicated as part of the source data. Accordingly, the 
Mnemonic LDA_AADDF (RA) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA_ISGXR, which takes the input data, sign extends from 
the bit indicated in the RUN register, and stores the 
result in the A register-. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC(RA) which loads the result of A minus a 
constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
"CLRA" is used for clearing the A register, "RMBC" to reset 
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the macroblock counter. These are fairly obvious and are 

described in comments in instr.u. 

One anomaly is the use of a suffix "_0 M to indicate that 

the result of the operation is output to the Token 
5 formatter in addition to the normal action. Thus 
^LDFI_0(RA) stores the input data and also passes it to the 

token formatter. Alternatively, this could have been 

LDF_LDO_I (RA) if desired. 

B.2*5«l>3 Token Formatter Instructions 
P 10 This is the T_NOP "No-operation" instruction. This is 

C ! 5 really a misnomer as it is impossible to construct a no- 

%! operation instruction. However, this is used whenever the 

2*1 instruction is of no consequence because the ALU does not 

fjj. output to the Token Formatter. 

Ul 15 T-TOK output a Token word. 

^ T_DAT output a DATA Token word (used only with the 

p. Huffman State Machine instructions) . 

H; T-GENT8 generates a token word based on the 8 bits of 

St constant field. 

|d ;: 2 0 T_GENT3E like T_GENT8, but the extension bit is one. 

T_0PD(NB) NB bits of data from the bottom NB bits of the 
output with the remainder of the bits coming from the 
constant field. 

T_opDE(NB) like TJDPD, but the extension bit is high. 

2 5 T_0PD8 short-hand for T_0PD(3) 

T_OPD8E short-hand for T_OPDE(8) 
B. 2.5.1.4 Parser state Machine Instructions 

This instruction, D_NOP No-operation, i.e., the address 
increments as normal and the Parser State Machine does 

3 0 nothing special. The Remainder of the instruction is 

passed to the data pipeline. No waiting occurs. 

D_WAIT is like D_NOP, but waits for feedback to occur. 

The simple jump group. Mnemonics like D_JMP ( ADDR) and 
Q_JNX(ADDR) ]ump if the condition is met. The instruction 
2 5 is not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP(ADDR) and 
D_XJNX ( ADDR) . ' these are like their simple counterparts 
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above, but the instruction is output to the Huffman 
Decoder. ^ 

The jump and wait group. Mnemonics like D_WJNZ ( ADDR) . 
These instructions are output to the Huffman Decoder and 
5 the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves. 

Table B*2.I1 Mnemonics used for the conditions 





Mnemonic 


Meaning 




JMP 


Unconditional /umo 




JXT 


JNX 


Jumo tr extnsi (extnaO) 




JHSO 


JNHHO 


Jump ;f Huffman errcr bit 0 set (clear) 




JHEi 


JNH£t 


Jump if Huffman error bit ! set (clear) 




JH S2 




Jump it Huffman errcr Sit 2 set (c!ear) i 




JP r N 


Jump tt sanem snifter '-S3 is set 




JPJCST 


JNPiCST 


Jumo is at picture start {not at picture s:a~) j 




.PS73T 


JNRSTST 


Jump i/ at starr of restart mtervaf (not at s:an) 






JNCP3S 


Jump if not special CPS cooing 






JNCPS8 


jump if not 8 bloc* (i.e. 4 block) macrcctccx 




jMt 


JPU 


Jumo if negative (jump if qIus) J 




JZc 


JNZ 


Jumo if zero (jumo if non-zero) [ 




^CHNG 


JNCHNG 


Jump if cnange ceteet btt set (clear} j 




jMasT 


JNM3ST 


Jump tf at start of macrobicc* (not at starr) 
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by using latches. However, this scheme requires the user 

to consider several factors. 

^control shift-register must now produce control 
signals of both phases for use as enables (i.e., 
5 need to use latches in this shift-register) 

•timing analysis complicated by use of latches 
* the "tjpostc" will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 
10 enables this is not a problem for the circuit) 

Nonetheless, the area saved by the use of latches makes 

it worthwhile to accept these factors in the present 

invention . 

B.9.11.1.4 Microprocessor interfaces 

15 Due to the nature of this interface, there is a 

requirement for latches (and resynchronizers) in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores. 

B.9.11.1,5 JTAG Test Control 

20 These standard blocks make use of latches. 

B. 9. 11.2 circuit Design Issues 

Apart from the work done in the design of the library 
cells that were used in the IDCT design (standard cells, 
datapath library, RAMs, ROMs, etc.) there is no requirement 

23 for any transistor level circuit design in the IDCT. 
Circuit simulations (using Hspice) were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis (CPA) tool in the case of paths that were 

30 close to the allowed maximum length. 

Note that the IDCT *is fully static in normal operation 
(i.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . Due to 

3 5 the non-restored nature of some nodes which exhibit a vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 



SECTION B.3 HUFFMAN DECODER ALU 

8*3.1 Introduction 

The Huffman Decoder ALU sub-block, in accordance with the 
present invention f provides general arithmetic and logical 
functionality for the Huffman Decoder block. It has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples. It also has a flexible 
structure whose precise operation and configuration are 
specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e., under the 
control of the two-wire interface. 

In addition to the 36-bit instruction and 12-bit data 
input ports, the ALU has a 6-bit run port, and an 8-bit 
constant port (which actually resides on the token bus) , 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through the 
ALU datapath. There is a single bit within the 
microinstruction word which represents an extension bit and 
is output together with the 17-bit-run-sign-level 
(out_data) . There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_valid. 
There is a register file which is accessible to other 
Huffman Decoder sub-blocks via the ALU, and also to the 
microprocessor interface . 
B.3.2.2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126. It comprises the following components: 

Input block 400 

Output block 401 

Condition Codes block 402 

"A" register 403 with source multiplexing 
Run register (6 bits) 404 with source multiplexing 
Adder/Subtractor 405 with source multiplexing 
Sign Extend logic 406 with source multiplexing 
Register file 407 



Each of these blocks (except the output block) drives its 
output onto a bus running through the datapath, and these 
buses are, in turn, used as inputs to the multiplexing for 
block sources. For example, the adder output has it own 
datapath bus which is one of the possible inputs to the A. 
register. Likewise, the A register has its own bus which 
forms one of the possible inputs to the adder. Only a sub- 
set of all possibilities exist in this respect, as 
specified in Section 7 on the microinstruction word* 

In a single 'cycle, it is possible to execute either an 
add-based instruction or a sign-extend-based instruction. 
Furthermore, it is allowable to execute both of these in a 
single cycle provided that their operation is strictly 
parallel. In other words, add then sign extend or sign 
extend then add sequences are not allowed. The register 
file may be either read from or written to in a single 
cycle, but not both. 

The output data has three fields: 

• run - 6 bits 

• sign - 1 bit 
level - 10 bits 

If data is to be passed straight through the ALU, the 
least significant 11 bits of the input data register are 
latched into the sign and level fields. 

It is possible to program limited multi-cycle operations 
of the ALU. In this regard, the number of cycles required 
is given by the contents of the register file location 
whose address is specified in the microinstruction, and the 
same operation is performed repeatedly while an iteration 
counter decrements to one. This facility is typically used 
to effect left shifts, using the adder to add the A 
register to itself and to store the result back in the A 
register . 

B.3.3 The Adder /Subtractor Sub-Block 

This is a 12-bit wide adder, with optional invert on its 
input2 and optional setting of the carry-in bit. Output is 
a .12 bit sum, and carry-out is not used. There are 7 modes 



of operation: 

* ADD : add with carry in set to zero: inputl + input2 

* ADC : add with carry in set to one: inputl + input2+l 
•SBC: invert input2 , carry in set to zero: inputl - 
input2 - 1 

-SUB: invert input2, carry in set to one: input! - 
input2 

•TCI: if input2<0 / use SUB, else use ADD. This is 
used with inputl set to zero for obtaining a magnitude 
value from a two's compliment value. 

DCD (DC difference) : if input2<0 do ADC, otherwise do 
ADD . 

VRA (vector residual add) : if inputKO do ADC, 

otherwise do SBC . 
B,3,4 The Sign Extend Sub-Block 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size input. Size is a 4 bit 
value ranging from 0 to 11 (0 relates to the least 
significant bit, 11 to the most significant). Output is a 
12 bit modified data value, and the "sign" bit. 

In SGXMOD£=NORMAL , all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged. Sign takes the value of the size- 
th bit. For example: 

data = 1010 1010 1010 

size = 2 

output - 0000 0000 0010, sign=0 

In SGXMOD=INVERS£, all bits above (and including) the 
size-th bit, take the inverse of the size-th bit, while all 
those below remain unchanged. Sign takes the inverse of 
the size-th bit. For example: 

data = 1010 1010 1010 

size = o 

output = mi mi nil, sign = 1 

In SGXMOD£=DIFKAG , if the size-th bit is zero, all the 
bits below (and including) the size-th bit are inverted, 
while all those above remain unchanged. If the size-th bit 



is one, all bits remain unchanged. In both cases, sign 
takes the inverse of the size-th bit. This is used for 
obtaining the magnitude of AC difference values. For 
example : 

data = 0000 1010 1010 

size = 2 

output = 0000 1010 1101, sign = l 

data = 0000 1010 1010 
size = l 

output = 0000 1010 1010, sign - 0 

In SGXM0D£=DIFC0MP, all bits above (but not including) 
the size-th bit, take the inverse of the size-th bit, while 
ail those below (and including) remain unchanged. Sign 
takes the inverse of the size-th bit. This is used for 
obtaining two's compliment values for DC difference values. 
For example: 

data = 1010 1010 1010 

size ~ 0 

output = 1111 1111 1110, sign = I 
B.3.5 Condition Codes 

There are two bytes (16 bits) of condition codes used by 
the Huffman block, certain bits of which are generated by 
the ALU/register file. These are the Sign condition code, 
the Zero condition code, the Extension condition code and 
a Change Detect bit. The last two of these codes are not 
really condition codes since they are not used by the 
Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
when the Parser issues an instruction to do so, and for 
each- of these instructions the condition code valid signal 
is pulsed high once. 

The Sign condition code is simply the sign extend sign 
output latched, while the Zero condition code is set to 1 
if the input to the A register is zero. The Extension 
condition code is the input extension bit latched 
regardless of OUTSRC. 



Condition codes may be used to evaluate certain condition 
types: 

■ result equals constant - use subtract and Zero 
condit ion 

• result equals register value - use subtract and 
Zero condition 

• register equals constant - use subtract and Zero 
condition 

• register bit set - use sign extend and Sign condition 

• result bit set - use sign extend and Sign condition 
Note that when using the sign extend and Sign condition 

code combination, it is possible only to evaluate a single 
specified bit, rather than multiple bits as would be the 
case with a conventional logical AND . 

The Change Detect bit, in the present invention, is 
generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. A 
bit in the microinstruction indicates that the Change 
Detect bit should be updated if the value currently being 
written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGMODE set to 
WRITE) . A microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 
reset by activating Change Detect in the normal way, but 
with REGMODE set to READ. 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_Start, Pattern_Code, Restart 
and Pic_Start. 
B.3.6 The Register File 

The address map for the register file is shown below. It 
uses a 7-bit address space, which is common to both the ALU 
datapath and the UPI. A number of locations are not 
accessed by the ALU , these typically being counters in the 
hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but form 
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part of the address map for the UPI. some multi-byte 
locations (denoted in the table by "O" for oversize) have 
a single ALU address, but multiple UP I addresses. 
Similarly, groups of registers which are indexed by the 
component count, cc (Indicated by I" in the table) are 
treated as a single location by 'the ALU. This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 
(UPI read only) , are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 
are denoted in the table by »M", and those which are also 
counters (n-bit) are annotated with Cn. 

In the present invention, certain locations have their 
contents hardwired to other parts of the Huffman sub- 
system-coding standard, two r-si2e locations, and a single 
location (2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder. 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI, otherwise they have UPI access 
only. Groups of registers that are undirected through CC 
by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 
for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Note that locations 2E and 2F are 
accessible in the top-level address map (denoted "T"), 
i.e., not only through the keyhole registers. These two 
locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not affect 
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Huffman Register File Address Map 
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2C 


first group 
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Table B.3.3 H*261 Variations 

B.3.7 The Microinstruction Word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
5 controlling a different aspect of the structure described 
above. The total number of bits used in the instruction 
word is 36, (plus 1 for the extension bit input) and a 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
10 maintained. The instruction word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the italics. 
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Field 


Value 


Description 


Bits 


OUTSRC 


RSA6 


run, sign. A register as 6 bits 


0000 


(specifies 


ZZA 


zero. zero. A register 


|000l 


sources for 


ZZA8 


zero. zero. A register is 8 bits 


|0010 


run. sign and 


ZZADDU4 


zero. zero, adder o/'p ms bits 


(OOli 


level output) 


ZINPUT 


zero, input data 


|0iC0 j 




RSSGX 


run, sign, sign extend o/p 


[ oi 1 1 ! 




RSADD 


run, sign, adder o/p 


1000 




RZADD 


run, zero, adder o/p 


1001 




RIZADD 


input run. zero, adder output j 




ZSADD 


zero, sign, adder o/p 


lOiO 




ZZADD 


zero. zero, adder o/p 


io; i 




NONE 


no valid output - out_vaiid set to zero 


1 1 XX 


REGADDR 


00-7F 


register fiie address for ALU access 


7 bits 


REGSRC 


ADD 


drive adder o/p onto register file i/p 






SGX 


drive sign extend o/p onto register file i/p 


I 


REGMODE 


READ 


read from register file 


o 




WRITE 


write to register fiie ) 1 


CNCDET 


TEST 


update change detect if REGMODE is 
WRITE 


0 


i, change 


HOLD 


do not update change detect bit | 1 j 


detect) 


CLEAR 


reset change detect if REGMODE is READ 


0 ! 



Table B.3.4 Table 2: Huffman ALU 
microinstruction fields 
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RUNSRC 


-RUN IN 


dnvc run i/p onto run register v'p 


0 


(run source) 


ADD 


drive adder o/p onto run register \Jp \ 


RUN MODE 


LOAD 


update run register 


0 




HOLD 


do not update run register [ 


ASRC 


ADD 


drive adder o/p onto A register up 


j 00 


(A register 


INPUT 


dnve input data onto A register i/p 


1 01 


source) 


SGX- 


dnvc sign extend o/p onto A register i/p 


10 




REG 


drive register file o/p onto A register i/p 


11 


AMODE ! 


LOAD 


update A register 


0 




HOLD 


do not update A register 1 


SGXMODE 


NORMAL 


sign extend with sign 


00 


(sign extend 


INVERSE 


sign extend with -sign 


1 01 


mode - see 


DIFMAG 


invert lower bits if sign bit is 0 


10 


section 4) 


DEFCOMP 


sign extend with -sign from next bit up 


It 


SI2ESRC 


CONST 


drive const, i/p onto sign extend size i/p 


00 


(source for 


A 


drive A register onto sign extend size i/p 


01 


sign extend 


REG 


drive reg.ftle o/p onto sign extend size i/p 


10 


size input) 


RUN 


drive run reg. onto sign extend size i/p 


il 


SGXSRC 


INPUT 


drive input data onto sign extend data i/p 


0 


(sgx input) 


A 


drive A register onto sign extend data i/p 


1 


ADDMODE 


ADD 


input! + input2 


000 


(adder mode 


ADC 


input I + input2 + 1 


001 


see sect. 3) 


SBC 


input 1 - input2 - I 


010 




SUB 


input 1 - input2 


Oil 




TCI 


SUB if input2<0, else ADD - 2's comp. 


100 




DCD 


ADC if input2<0, else ADD - DC diff 


101 




VRA 


ADC if input I<0, else SBC-vec resid add 


no 


ADDSRCi 


A 


drive A register onto adder input i 


00 


(source for 


REG 


drive register file o/p onto adder i/p I 


01 


uaazt up 1 • 


ifNrU i 


drive input data onto adder input I 


10 


non-inven) 


ZERO 


drive zero onto adder input! 


It 


ADDSRC2 


CONST 


drive constant i/p onto adder input2 


00 


(source tor 


A 


drive A register onto adder input2 


Ot I 


inverting 


INPUT 


drive input data onto adder input2 


10 t 


input) 


REG 


drive register file o/p onto adder i/p2 


> l i 


CNDC- 
MODE 


TEST 


update condition codes 


0 j 



Tabt« B.3.4 Tabie 2: Huffman ALU microinstruction fields 
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(cond. codes) 


HOLD 


do not update condition codes 


1 


CNTMODE 


NOCOUNT 


do not increment counters 


XOO 


(mbstructure 


BCINCR 


increment block counter and npple 


001 


count mode) 


CCINCR 


force the component count to incr 


010 




RESET 


reset all counters in mb structure 


on 




DISABLE 


disable all counters 


I XX 


INSTMODE 


MULTI 


iterate current instr muiti times 


0 




SINGLE 


single cycle instruction only 


1 



Table Table 2: Huffman ALU microinstruction fields 
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SECTION B,4 Buffer Manager 

8.4.1 Introduction 

This document describes the purpose, actions and 
implementation of the Buffer Manager, in accordance with 
the present invention (bm*n) . 
B.4.2 Overview 

The buffer manager provides four addresses for the DRAM 
interface * These addresses are page addresses in the DRAM, 
The DRAM interface maintains two FIFOs in the DRAM, the 
Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a Write address for 
each buffer. 
B.4.3 Interfaces 

The Buffer Manager is connected only to the DRAM 
interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4.4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
address. (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain. 

B.4.4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers 

Initialization registers (RW from microprocessor) 
~ BASECB - base address of coded data buffer 

* LENGTHCB - maximum size (in pages of coded data 
buffer 

* BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

* LIMIT - size (in pages) of the DRAM. 
Dynamic registers (RO from microprocessor) 

* READCB - coded data buffer read pointer relative to 
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BASECB 

•NUMBERCB - coded data buffer write pointer relative 
to READCB 

* READTB - token data buffer read pointer relative to 
BASETB 

♦NUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses :- 

readaddr = (BASE + READ) mod LIMIT 

writeaddr = ( ( (READ + NUMBER) mod LENGTH) + BASE) mod 
LIMIT 

The "mod LIMIT" term is used because a buffer may wrap 
around DRAM. 

B«4.5 Block Description 

In the present invention, and as shown in Figure 12 7, the 
Buffer Manager is composed of three top level modules 
connected in a ring which snooper monitors the DRAM 
interface connection. The modules are bmprtisfl (prioritize) , 
b»in»tr (instruction), and bartctic (recalculate) are arranged 
in a ring of that order and oasnoop (snoopers) is arranged 
on the address outputs. The module ,B«prtx*«, deals with the 
REQ/ACK protocol, the FULL/EMPTY flags for the buffers and 
it maintains the state of each address, i.e., M is it a 
valid address? 11 . From this information, it dictates to 
bminstr which (if any) address should be recalculated. It 
also operates the BUF_CSR (status) microprocessor register, 
showing FULL/ EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
buffer manager registers. 

The module, tainstr, on being told by b»prtii« to calculate 
an address, issues six instructions (one every two cycles) 
to control bar«c*ic to calculating an address. 

The module, Bartctlc, recalculates the addresses under the 
instruction of b«in«tr. Running an instruction every two 
cycles, it contains all of the initialization and dynamic 
registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sb«prtii« of FULL/ EMPTY 



states it detects and when it has finished calculating an 
address. 

B.4.6 Block Implementation 
B . 4 • 6 . 1 Bznprtize 

At reset, the buf_access microprocessor register is set 
to one to allow the setting up of the initialization 
registers. While buf_access reads back one, no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

Once buf_access is de-asserted (write zero to it) b«prti2* 
goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
valid. At this stage, the Buffer Manager is "starting up" 
(i.e., all addresses have not yet been calculated), thus, 
no requests are asserted. Once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged) it will be 
recalculated . 

No prioritizing between addresses will ever need to be 
performed, because the DRAM interface can, at its fastest, 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles. 
Therefore, only one address will ever be invalid at one 
time after start-up. Accordingly, baprti«« will recalculate 
any invalid address that is not currently being calculated. 

In the invention, start-up will be re-entered whenever 
buf_access is asserted and, therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 
accesses . 
B.4.6* 2 Bminstr 

The module, Bminstr, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address) . Note 
that even cycles start an instruction, whereas odd cycles 
end an instruction. The top 2 bits along with whether it 
is a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 



For read addresses: 
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Table B.4.1 Read address calculation 

For write addresses: 
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Table B.-4-.2 For write address calculat 
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Note: The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter idles at zero, thus causing an instruction that 
5 writes to none of the registers. This has no affect. 
B.4.6,3 Bmrecalc 

The module, Bmrecalc, performs one operation every two 
clock cycles'. It latches in the instruction from boinstr 
(and which buffer and io type) on an even counter cycle 
10 (start_alu_cyc) , and latches the result of the operation on 
an odd counter cycle ( end_a lu_cyc) . The result of the 
operation is always stored in the "Accum" register in 
addition to any registers specified by the instruction. 
Also, on end_alu_cyc, bmrecalc informs baprtize as to whether 
15 the use of the address just calculated will make the buffer 
full or empty, and when the address and full/empty has been 
successfully calculated (ioad_addr) . 

Full/empty are calculated using the sign bit of the 
operation ' s result . 
20 The modulus operation is not a true modulus, but A mod B 

is implemented as: 
( A>B? (A-B) : A) 

however this is only wrong when 

A> (2B-1) 
25: which will never occur. 

B . 4 . 6 . 4 Bmsnoop 

The module, Bmsnoop, is composed of four eighteen bit 
super snoopers that monitor the addresses supplied to the 
DRAM interface. The snooper must be "super" (i.e., can be 
30 accessed with the clocks running) to allow on chip testing 
of. the external DRAM. - These snoopers must work on a 
REQ/ACK system and are, therefore, different to any other 
on the device. 

REQ/ACK is used on this interface, as opposed to a two- 
35 wire protocol because it is essential to transmit 
information (i.e., acknowledges) back to the sender which 
an accept will not do). Hence, this rigorously monitors 



the FIFO pointers. 
B.4.7 Registers 

To gain microprocessor write access to the initialization 
registers, a one should be written to buf__access, and 
5 access will be given when buf_access reads back one. 
Conversely, to give up microprocessor write access, zero 
should be written to buf_access. Access will be given when 
buf_access reads back zero. Note that buf^access is reset 
to one. 

10 The dynamic and initialization registers of the present 

invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 

15 written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on-the-fly and to have the 
buffer manager use the new length when appropriate. 

Ho check is ever made to see that the values in the 

20 initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 
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Keyftoie Register Name 


Usage 


Key hole Address 


CeD.3UF_C8.SASE.3 


| XXXSOCXXX 


0x00 


CE0.8UF.C8.8A5E.2 


XXXSOLXDD 


0x01 


CED.BUF.CB.BASSJ 


OODOOODO 


0x02 


CE0.8UF_C8.BASS_0 


OODDOCOO 


0x03 | 


CE0.8UF.C8.LENGTH.3 


' xxxxxxxx 




0x04 


C£0_3UF.C8.LENGTH_2 


xxxxxxOD 


0x05 


CEO_3UF.C8.l£NGTH,1 


OOOOOOOO 


0x06 


CED_3UF_C8_tSNGTH_0 


00000000 


0x07 | 


CS0.9UP.C8.REA0.3 


*xxxxxxx j" 


0x08 | 


CED.9UF.CB.REA0.2 £ 


wocxxxOO | 


0x09 


CS2-3'JF_CS_flEAO_l j 


00000000 | 


0x0a [ 


£ED_5Ur_C8_REAO_0 


00000000 


0x0b j 


CSw_3UF..C9_NUMeEfl_3 j 


yrTTx.xx3c 


OrOc f 







Table B.4.4 Registers 



buffer manager keyhole 
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Keyhoi* Re$ts;er Name 


Usage 


Key *oie Accress 


csD.sup.cs.NUMsea.z 


| xxxxxx03 


OxOd 


CHD.BUF.C8.MUM8 ER.i 




OxOe I 


C£0_3UF_C8.NUMB£3.0 




OxOf j 


j C50.SUF,TB.BASc.3 


XXX XXX XX 


0x10 


CED.8UF.T3.8ASc.2 


xxxxxxOD 


Oxtt 


CcD.aUF.TB.SASc.t 




0xi2 


CcD.3UF_T8.8ASc.O 




0xt3 


CSD_3UF_T3_LENG7H_3 


xxxxxxxx 


OxU j 


CEO_8UF_T8.LHNGTH_2 


• xxxxxxOD 


0x!5 | 


C E D.8U F.TB.LENG TH. 1 


0D30C233 


0x16 


i 


CSD.BUF_TB.l£NG7H_0 


D0C3CD00 


0x17 


i 


CE0_SUF_T3.READ_3 


xxxxxxxx 


0x18 j 


CED_3UF.TB.R£A0_2 


xxxxxxCD 


0x19 j 


CcD.8UF_T3_RSA0_t 


oczrocoD 


Oxt a | 


CED.3UF.T8.REAO.0 




0x1b 




CcO_8UF_TB_NUMB£R_3 


xxxxxxxx 


Oxic 




CE0.8UF.T8.NUM8ER.2 


xxxxxxOD 


0x1 d 


i 


CED.BUF.T8.NUM8EB.1 


3DD33DDD 


Oxie 


i 


CS0.8UF.T8.NUM8ER_0 


0CD0OO0O 


OxK 




CE0.8UF.UMIT.3 


xxxxxxxx 


0x20 




CED_BUFjJMtT_2 


xxxjocxOD j 


0x21 




C£0.8UF.UMIT.t 


0D30D0D0 


0x22 




CEO.8UF.UMIT.0 


B333D30D | 


0x23 




CED.SUF.CSR 


TjcnxSSDD | 


0x24 | 





Table B.4.4 Register in buffer manager keyhole 

B.4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a dummy DRAM interface, and in C-code as part of the top 
level chip simulation. 



B.4.9 Testing 

Test coverage to the bman is through the snoopers in 
bmsnoop, the dynamic registers (shown in B.4.4) and using the 
scan chain which is part of the DRAM interface scan chain. 



SECTION B.5 Inverse Modeler 
B . S • x Introduction 

This document describes the purpose, actions and 
implementation of the Inverse Modeller (imodei) and the 
5 Token Formatter (hsppk) , in accordance with the present 
invention. 

Note: fasppk is a hierarchically part of the Huffman 
Decoder, but functionally part of the Inverse Modeller. It 
is, therefore, better discussed in this section. 

10 B.5. 2 Overview 

The Token buffer, which is between the imodei and bsppk, 
can contain a great deal of data, all in off-chip DRAM. To 
ensure that efficient use is made of this memory, the data 
must be in a 16 bit format. The Formatter "packs" the data 

15 from the Huffman Decoder into this format for the Token 
buffer. Subsequently, the Inverse Modeler "unpacks" data 
from the Token buffer format. 

However, the Inverse Modeller's main function is the 
expanding out of "run/ level" codes into a run of zero data 

20 followed by a level. Additionally, the Inverse Modeller 
ensures that DATA tokens have at least 64 coefficients and 
it provides a "gate" for stopping streams which have not 
met their start-up criteria. 
B.5. 3 Interfaces 

2 5* B. 5.3.1 Hsppk 

In the present invention, Hsppk has the Huffman Decoder 
as input and the Token buffer as output. Both interfaces 
are of the two-wire type, the input being a 17 bit token 
port, the output being 16 bit "packed data", plus a FLUSH 
30 signal. In addition, Hsppk is clocked from the Huffman 
clock generator and, thus,- connected to the Huffman scan 
chain . 

B.5. 3.2 Imodel 

inodei has the Token buffer start-up output gate logic 

3 5 (bsogi) as inputs and the Inverse Quantizer as output. 

Input from the Token buffer is 16 bit "packed data", plus 
block_end signal, from the bsogi is one wirestream_enable . 



Output is an 11 bit token port. All interfaces are 
controlled by the two-wire interface protocol. Imodel has 
its own clock generator and scan chain. 

Both blocks have microprocessor access only to the 
5 snoopers at their outputs. 
B.5*4 Block description 
B.5.4.1 HsppX 

Hsppk takes in the 17 bit data from the Huffman and 
outputs 16 bit data to the Token buffer. This is achieved 
10 by first, either truncating or splitting the input data 
% into 12 bit words, and second by packing these words into 

%1 a 16 bit format* 

B. 5. 4 . 1» 1 Splitting 
ry Hsppk receives 17 bit data from the Inverse Huffman. 

© 15 This data is formatted into 12 bits using the following 

formats. 

Where F = specifies format; E = extension bit; R = Run 
J*f bit; L = length bit (in sign mag.) or non-DATA token bit; 

x - don't care. 
Q 2 0 FLLLLLLLLLLLFormat 0 

^ k ELLLLLLLLLLLFormat 0a 

FRRRRRRO 0000 Format 1 

Normal tokens only occupy the bottom 12 bits, having the 
form : 

2 5 ExxxxxxLLLLLLLLLLL 

This is truncated to format Oa 
However, DATA tokens have a run and a level in each word in 
the form: 

ERRRRRRLLLLLLLLLLL . 

3 0 This is broken in to the formats: 

ERRRRRRLLLLLLLLLLL- > FRRRRRRO 0 000 Format 1 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format 0 is used: 
E 0 0 0 0 0 OLLLLLLLLLLL- > FLLLLLLLLLLLFormat 0 
3 5 it can be seen that in the format 0,the extension bit is 

lost and assumed to be one. Therefore, it cannot be used 
where the extension is zero. In this case, format 1 is 
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unconditionally used . 
B. 5. 4. 1.2 Packing 

After splitting, all data words are 12 bits wide. Every 
four 12 bit words are "packed" into three 16 bit words: 



Input words 


Output worcs 


aoooooooooco 


300300000CCCUU 


minium 




22222222:222 


2222333333333*33 


333333333333 j 



5 Table B.5.1 Packing method 

B. 5.4.1.3 Flushing of the buffer 

The DRAM interface of the present invention collects a 
block, 32 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 

10 DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, *a*ppk signals the DRAM interface to 
write it current partially complete block unconditionally. 
B. 5. 4. 2.1 iauo fUnPacker) 

15 Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 
bit words. 



input words ■ 


Output words 


OGCCOCOOC0001111 


00000000000O 


1111111122222222 


imumiu 


2222333333333333 


222222222222 




333333333333 



Table B.5.2 Unpacking method 
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5) Maintaining correct data during flushing of the 
Token buffer. 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
5 remains in the block* The imup must delete rubbish data, 
i.e., delete ail data from a FLUSH token, until the end of 
a block. 

6) Holding back data until Start-up Criteria are met. 

Output of data from the block is conditional that a 
10 "valid" (stream_enable) is accepted from the Buffer Start- 
up for each different stream* Consequently, twelve bit 
data is output to hsppk. 

B. 5, 4.2-2 Imex (EXpander) 

In the invention, i»ex expands out all run length codes 
15 into runs of zeros followed by a level* 
B. 5*4.2*3 lapad (PADder) 

impad ensures that all DATA Token bodies contain 64 (or 
more) words. It does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
20 over 64 words in the body. 
B.5.5 Block implementation 
B, 5.5.1 Hsppk 

Typically, both the Splitting and packing is done in a 
single cycle. 

2 5 B . 5 ♦ 5 « l • l splitting 

First, the format must be determined 
IF (datatoken) 

IF (lastformat -= 1) use format 0a ; 
ELSE IF (run == 0) use format 0; 

3 0 ELSE use format 1; 

ELSE use format 0a; 
and format bit determined 
format 0 format bit = 0; 
format 0a format bit = extension bit; 
3 5 format 1 format bit - 1; 

If format 1 is used, no new data should be accepted in 
the next cycle because the level of the code has yet to be 
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output. 

8.5.5.1*2 Packing 

The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
last valid word, which is held, and the succeeding word. 
If this is not valid, then the output is not valid. The 
procedure is: 





Held Word 


Succeeding Word 


Packed word 




vaftcJ cycle 0 




000000000000 


XX X30UCX30CXXX20CXX 


don't cutcut ! 


valid cycle i 


oooooocoocco 


minium 


OQOOQOOOOQOCili: 


output 


vaitd cycie 2 


umuiiiiu 


222222222222 


U1U11122222222 


output 


valtd cycte 3 


222222222222 


333333333231 


222233333333 3333 


ouiout 



Table B.5.3 Packing procedure 

Where x indicates undefined bits. 

During valid cycle 0, no word is output because it is not 

valid . 

The valid cycle number is maintained by a ring counter. 
It is incremented by valid data from the splitter and an 
accepted output. 

when a FLUSH (or picture_end) token is received and the 
token itself is ready to output, a flush signal is also 
output to the DHAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3, 
the flush signal must be delayed a valid cycle to ensure 
the token itself it output. 
B'. 5.5.2 Imodel 
B5.5.2.X iinup (UnoacJcer) 

As with the packer, the last valid input is stored, and 
combined with the next input, allows unpacking. 
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t 


Succeeding word 


Held Word 


Unpacked Were j | 


j *at»d cycle 0 




XXXXXXXXXXXXXXXX 


ooooooooodc: 


: mcut j 


j vai«j cycle 1 


::::: 11:222 22222 


occcocooaoooim 


urn::;:::: 


: mouC j 


j vans -ycie 2 




1:1:111122222222 


222222222222 




| valid cycie 3 


2222333333333333 


U11II1122222222 


333333333333 


mo Li 



m Table B.S.4 Unpacking procedure 

W Where x indicates undefined bits 

* The valid cycie is maintained by a ring counter. The 

p : unpacked data contains the token's data, flush and 

5 PICTURE^ END decoded from it. Additionally, format and 
S% extension bit are decoded from the unpacked data. 

Wk f ormatbit_is_extn * (lastformat — 1) 11 databody 

format « databody (formatbit && lastf ormatbit ) 
for token decoding and to be passed on to imex . 
10 When a FLUSH (or picture_end) token is unpacked and 

output to imex, all data is deleted {Valid forced low) 
until the block end signal is received from the DRAM 
interface . 

B.S.S.2.2 imex (Expander) 

15 In accordance with the present invention, imex is a four 

state machine to expand run/ level codes out. The state 
nachine is: 

■-stateO; load run count from run code. 

■state 1: decrement run count, outputting zeros, 
20 -state 2: input data and output levels; default state. 

•state 3: illegal state. 
B.5.5.2.3 Imoad (PADder) 

impad is informed of DATA Token headers by imex. Next, it 
counts the number of coefficients in the body of the token. 
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If the token ends before there are 64 coefficients, zero 
coefficients are inserted at the end of the token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them. 
DATA tokens with 64 or more coefficients are not affected 
by imp ad . 
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B.5,6 Registers 

The laodai and hsppk of the present invention do not have 
microprocessor registers, with the exception of their 
snooper . 





Register Name 


Usa$* 


Address 




CED_H,$NP_2 


VAxxxxxx 


0x49 


Vis p. 


CEDJ-f.SNPJ 


O0DDCC00 


0x4a 




CED.H.SNPJ) 


O0CDC0CO 


0x4b 




CE0JM.SNP.1 


VAE5OCDC0 


0x4a 




CEOJM.SNP.O 


DDODDDDO 


0x4<j 



5 Table B.5.5 Imodel 6 hsppk registers 

Where v = valid bit; A = accept bit; E - extension bit; 
D = data bit, 
B. 5 . 7 verification 

Selected streams run through Lsim simulations. 
10 B.5.8 Testing 

Test coverage to the i»odei at the input is through the 
Token buffer output snooper, and at the output through the 
xaodei's own snooper. Logic is covered the imodel 's own scan 
chain, 

15 The output of the bsppk is accessible through the huffman 

output snooper. The logic is visible through the huffman 
scan chain. 
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SECTION B.6 Buffer Start-up 

B . « . 1 Introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
invention. 
B.6.2 Overview 

To ensure that a stream of pictures can be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start.. This is called the 
start-up condition* The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the "Buffer Start-up M to ensure that every stream fulfills 
its start-up condition before its data progresses from the 
token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e., in the Inverse Modeler). This gate 
will only be open for the stream once its start-up 
condition has been met. 
B.6. 3 Interfaces 

B«cntbit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to bsogl (Buffer Start-up Output Gate Logic) . 
BS09I via a two-wire interface controls i»up (Inverse Modeler 
UnPacker) , which implements the output gate. 
B.6.4 Block Structure 

As shown in Figure 130, Bscntbit lies in the datapath 
between the Start Code Detector and the coded data buffer. 
This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, b»ogi is informed. 
Data is unaffected by b«eirtbit. 

Bsogi lies between b«cntbit and i*up (in the inverse 
modeler) . In effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 



485 

by streams leaving the buffers (i.e., FLUSH tokens received 
in the data stream at imup) , when another "indicator" is 
accepted by imup. If the queue is empty (i.e., there are no 
streams in the buffers which have yet met their start-up 
5 target) the stream in imup is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in b«ogi and 
allowing the microprocessor to monitor the queue. These 
queue mechanisms are referred to as internal and external 
10 queues respectively, 

B.6*5 Block Implementation 

B.6.S.1 Bsbitcnt (Buffer Start-up bit counter) 

Bscntbit counts all the valid words that are input into 
the buffer start-up. The counter (b«ctr) is a programmable 

15 counter of 16-24 bits width. Moreover, bsctr has carry look 
ahead circuitry to give it sufficient speed. Bsctr's width 
is programmed by ced_bs_prescale . It does this by forcing 
bits 8-16 high, which makes them always pass a carry. They 
are, therefore, effectively not used. Only the top eight 

2 0 bits of bsctr are used for comparisons with the target 
(ced_bs_target) . 

The comparison (ced_bs_count >=ced_bs_target) is done by 
bscmp . 

The target is derived "from the stream when the stream is 
25 in the Huffman Decoder and calculated by the 
microprocessor. It will, therefore, only be set sometime 
after the start of the stream. Before start-up, the 
target_valid is set low. Writing to ced_bs_target sets 
target_valid high and allows comparisons in bscmp to take 
30 place. When the comparison shows ced_bs_count >= 
ced_bs_target, target^valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. In addition, counting is 
35 disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a stream * ends (i.e., a flush) is detected in 
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b*bitcnt f an abs_f lush_event is generated. if the stream 
ends before the target is met, an additional event is also 
generated (bs_f lush_bef ore_target_met_event ) . When any of 
these events occur, the block is stalled. This allows the 
5 user to recommence the search for the next stream's target 
or in the case of a bs_f lush_bef ore_target_met_event event 
either : 

1) write a target of zero which will force a target_met 
or 

10 2) note that target was not met and allow the next 

stream to proceed until this combined with the last 
stream reaches the target- The target for this next 
stream can should adjusted accordingly. 
B.6.5.2 BSOGL (buffer start-up output gate logic) 
15 As previously described, Bsogi is a queue of indicators 

that a stream has met its target. The queue type is set by 
ced_bs_queue ( internal (0) or external ( 1) ) . This is a reset 
to select an internal queue. The depth of the queue 
determines the maximum number of satisfied streams that can 
20 be in the coded data buffer, Huffman, and token buffer. 
When this number is reached (i.e. the queue is full) bsogi 
will force the datapath to stall at bsbitcot. 

Using an internal queue requires no action from the 
microprocessor* However, if it is necessary to increase 

2 5 the depth of the queue, an external queue can be set (by 

setting ced_bs_access to gain access to ced_bs_queue which 
should be set, target_met_event and stream_end_event 
enabled and access relinquished) . 

The external queue (a count maintained by the 

3 0 microprocessor) is inserted into the internal queue. The 

external queue is- maintained by two events. 
target_met_event and stream_end_event . These can simply be 
referred to as service_queue_input and service_queue_output 
respectively] and a register ced_bs_enable_ nxt_stream. In 
3 5 effect, target_met_event is the up stream end of the 
internal queue supplying the queue. Similarly, 
ced bs enable nxt stream is the down stream end of the 
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internal queue consuming the queue. Similarly, 
stream_end_event is a request to supply the down stream queue; 
stream_end_event resets ced_bs_enable_nxt_stream. The two 
5 events should be serviced as follows: 

/* TARG ET_M ET_E VE N T */ 
j= micro_read(CED_BS_ENABLE_NEXT_STM); 
if (j == 0) /*ls next stream enabled ?*/ 
{/*no, enable it*/ 
10 micro_write(CED_BS_ENABLE_NXT_STM, 1); 

printf(" enable next stream (queue = 0x%x))0 \n'\ (context->queue)); 
} 

else /*yes, increment the queue of "targetjnet" streams*/ 
{ 

15 queue++; 

printff stream already enabled (queue = 0x%x) \n" ( (context- 
>queue)); 

} 

/* STREAM_EVENT */ 
20 if (queue > 01 ) Tare there any "targetjnets" left? */ 

{/*yes, decrement the que and enable another stream */ 
queue--; 

micro_write (CED_BS__ENABLE_NXT_STM, 1); 

printf(* enable next stream (queue = 0x%x) \n*, (context->queue)); 

25 } 

else 

printf(" queue empty cannot enable next stream (queue = 0x%x) \n", 
queue); 

micro_write(CED_EVENT_1, 1 « BS_STREAM_END__EVENT); /** clear 
30 event 

*/ 
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The queue type can be changed from internal to external 
at any time (by the means described above) , but they can 
only be changed external to internal when the external 
queue is empty (from above "queue-=G M ) , by setting 
ced_bs_access to gain access to ced_bs_queue which should 
be reset, target_met_event and stream_end_event masked, and 
access relinquished . 

On the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
target_met_event and stream_end_event and set 
ced_bs_enable_nxt_stream. In this way, all streams will 
always be enabled. 
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B.6.6 Microprocessor registers 

i 
i 
i 

i 



j Register name 


Usage 


Address j 


CED.8S.ACCE5S 


| xxxxxxxO 


Oxto j 


j CED.3S.PRESCALE* 


xxxxxOOD 


Oxtt 


I 


j CE0.3S.TARGET* 


OOOOOOOD 


0x12 


1 


CED.BS.COUNT" 


OC00COOD 


0x13 J 


SS.FLUSH.EVENT 




0x02 | 


SS.FLUSH.MASK 


rrrrrDrr 


0x03 




aS.FLUSH.3ErOfle.TARGET.ME 


rrrrOrrr 


0x02 




t.event 








3S.FLUSH.SErORE_TARGET.ME 


rrrrOrrr 


0x03 J 




T.MASK 









Table B.6.1 Bscntbit regist 



Register name 


| Usage 


Address 


TARGET.MET.EVENT 


rrrorrrr 


0x02 j 


TARGET.MET.MASK 


rrrorrrr 


0x03 | 


| STREAM.ENO.EVENT 


rrorrrrr 


0x02 J 


STASAM.SNO.MASK 


rrOrrrrr 


0x03 j 



Table B.6.2 B«ogi registers 



Register name 


Usage 


Address 


CED.SS.QUEUE' j xxxxxxxo | OxU 


CED.BS_ENABLE.NXT.STM* 


xxxxxxxO 


0xt$ j 



Tabl-3.6.2 ssogiregisters 



where 

• D is a register bit 

■ x is a non-existent register bit 

• r is a reserved register bit 

• to gain access to these registers ced_bs_access must be 
set to one and polled until it reads back one, unless in an 
interrupt service routine. Access is given up by setting 
ced bs access" to zero. 



SECTION B.7 The DRAM Interface 
B.7.1 overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM interface 
5 block for that particular chip. In- ail three devices, the 
function of the DRAM interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator* 

10 The DRAM interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

25 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM , another to read coded data 
from the DRAM, the third to transfer tokenized data to the 

2 0 DRAM and the fourth to read tokenized data from the DRAM. 

In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 

3 5 Video Formatter, one swing buffer is used to transfer data 

to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance (Y) and the Red and 
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Blue color difference data (Cr and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
5 is essentially the same as the operation of the Spatial 
Decoder DRAM Interface* This is illustrated in Figure 13 l, 
"DRAM Interface, 
B.7.2 A Generic DRAX Interface 

Referring to Figure 131, the interfaces to the address 

10 generator 42 0 and to the blocks which supply and take the 
data are all two wire interfaces* The address generator 
420 may either generate addresses as the result of 
receiving control tokens, or it may merely generate a fixed 
sequence of addresses. The DRAM interface 421 treats the 

15 two wire interfaces associated with the address generator 
in a special way. Instead of keeping the accept line high 
when it is ready to receive an address, it waits for -the 
address generator to supply a valid address, processes that 
address and then sets the accept line high for one clock 

2 0 period. Thus, it implements a request/ acknowledge 

(REQ/ACK) protocol. 

A unique feature of the DRAM Interface is its ability to 
communicate with the address generator and the blocks which 
provide or accept the data completely independent of the 
25 other. For example, the address generator may generate an 
address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 422. However, no action is 

3 0 taken until an address is supplied on the appropriate bus 

from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 
35 wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 
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properly configured system the DRAM Interface will be able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM Interface contains a method of determining 
which swing buffer it will service next. In general, this 
will be either a "round robin*, in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 
which some swing buffers have a higher priority than 
others. In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 
via the microprocessor interface. 
B.7.2.1 The Swing Buffers 

Figure 13 2 illustrates a write swing buffer. The 
operation is as follows: 

1) Valid data is presented at the input 430 (data in) . As 
each piece of data is accepted it is written into RAMI 
and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 
between two asynchronous clock regimes, and so passes 
through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2, which is still empty. 

4) When the round robin or priority encoder indicates 
that it is the turn of this swing buffer to be read, 
the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2), to indicate that RAMI is now ready to be filled 
again. 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 



be accepted by the swing buffer continually, otherwise 
when RAM2 is filled the swing buffer will set its 
accept signal low until RAMI has been "swung" back for 
use by the input side. 

6) This process is repeated ad infinitum. 

The operation of a read swing buffer is similar, but 

with input and output data busses reversed. 
B.7.2.2 Addressing of External ORAM and Swing Buffers 

The DRAM Interface is designed to maximize the available 
memory bandwidth. Consequently, it is arranged so that 
each 3X3 block of data is stored in the same DRAM page In 
this way full use can be made of DRAM fast page access 
modes, where one row address is supplied followed by many 
column addresses. m addition, a facility is provided to 
allow the data bus to the external DRAM to be 8 , 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the size and bandwidth requirements of the particular 
application. 

In this example (which is exactly how the DRAM Interface 
on the spatial Decoder works), the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers. This address is used 
as the row address for the DRAM. The six bits of column 
address are supplied by the DRAM Interface itself and 
these bits are also used as the address for the swing 
buffer RAM. The data bus to the swing buffers is 32 bits 
wide, so if the bus width to the external DRAM is less than 
32 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 
the next word is written to a read swing buffer (read and 
write refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 
covered separately below. 
B.7.3 DRAM Interface Timing 

.In the present invention, the DRAM Interface Timing block 



uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of the system clock period. 
Two quadrature clocks from the phase locked loop are used. 
These are combined to form a notional 2x clock. Any one 
chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain for the page start cycle 
and another for the read/write/refresh cycles. The length 
of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 
state information from the DRAM Interface. The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM. Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

Further, timing chains combine the pulse from the above 
chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 



SECTION B.8 Inverse Quantizer 
B.8.1 Introduction 

This document describes the purpose, actions and 
implementation of the inverse quantizer, (iq) in accordance 
with the present invention. 
B.8. 2 Overview 

The inverse quantizer reconstructs coefficients from 
quantized coefficients, quantization weights and step 
sizes, all of which are transmitted within the datastream. 
B.a ,3 Interfaces 

The iq lies between the inverse modeler and the inverse 
DCT in the datapath and is connected to a microprocessor. 
Datapath connections are via two-wire interfaces. Input 
data is 10 bits wide, output is 11 bits wide. 
B.8. 4 Mathematics of Inverse Quantization 
B.8. 4.1 H261 Equations 

For blocks coded in intra mode: 



C. = &Qi i * 0 

C,. » C ; -sign^C^ C = even 
c] * C. C; * odd 



0<(<&4 



For all other coded blocks: 



C. * iq_quant_sc*l« (2ff.* sign {Q t ) ] 
C. * C ; -it>«(c.) C. « ev«n 
C. « C. C. » odd 

C * mtft(majr(C i -.-204S)J2047) 



0 S i < 64 
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B.8.4.2 JPEG Equations 



C = W UJ Q t + 1024 t * o 

C ; s mf>(ma^(C r -2043).2O47) 
/ 5 ipegjabiejndirection(c) 



B.8.4.3 MPEG Equations 

For blocks coded in intra mode: 



„ f2iq_quam,$cale*'. ay 

C --"M ?i — 

C- * C. C * odd 

C ; » /n/rt(/nax(C r -204a>^047) 



0 < t' < 64 
j = 0, 2 



1024 is added in intra DC case to account for predictors in huffman being reset to zero. 
For ail otfier coded blocks : 



- /K^quanuscaieW. . {2Q ; + sit* CS t ) } ^ 



C f * even 
C ( . » C ; C * odd 

C = mM(m«x(C**204fl)2047) 

.8.4.4 JPEQ Variation Equations 



0 < i < 64 



C. * /loer[ — + 1024 ( 9 q 

( SiO.quan^scai* W ; Q. \ 
C ; » fteor{ — ^— J 0<i<64 

C ; * mifi(mc-r(C r -2048)J2047) 
; * jpeg.taWe.indir«ction(c) 
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B.8.4.5 All other tokens 

All tokens except DATA Tokens must pass through the iq 
unquantized 
Where : 



max (a, b) 
min (a, b) 



-1 
0 

1 

a 



a < 0 
c = 0 
a >0 
a >b 
cSb 
c$b 
a > b 



Fioof{a) returns an integer such that: 

(<j-1) <floor{o) S« a>0 
aS floor (a) < (a ♦ 1 ) a 50 

Qi are the quantized coefficients. 
C\ are the reconstructed coefficients 
Wj | are the values in the quantisation table matrices 
i is the coefficient index along the zig-zag 
j is the quantisation table matrix number (0 <= j <»3) 
B.8.4.6 Multiple Standards combined 

It can be shown that all the above standards and their variations (also control data which 
must be unchanged by the iq) can be mapped on to single equation: 



OUTPUT 



16 



With the additional post inverse quantisation functions of : 
♦Add 1024 

•Convert from sign magnitude to 2*5 complement representation, 
♦Round ail even numbers to the nearest odd number towards zero. 
♦Saturate result to +2047 or -2046. 

The variables < x and y for each variation of the standards and which functions tfiey use s 
shown in Tabte S.8.I. 
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B.S.4.* Multiple standards combined 
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Tab la B.8.1 Control dacoding 



B.8,5 Block Structure 

From B.8.4.6 and Table B.8.1, it can be seen that a 
single architecture can be used for a multi-standard 
inverse quantizer. Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 

♦ Decoding of tokens to load status registers or 

quantization tables. 

•Decoding of the status registers into control 
signals. 

Tokens are decoded in iqca which controls the next cycle, 
i.e., iqcb's bank of registers. It also controls the access 
to the four quantization tables in igra*. The arithmetic, 
that is r two multipliers and the post functions, are in 
iqaritfa. The complete block diagram for the iq is shown in 
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Figure 134. 

B.8.6 Block Implementation 
B.8.6.1 Iqca 

In the invention, iqca is a state machine used to decode tokens into 
control signals for igram and the register in iqcb. The state machine is 
better described as a state machine for each token since it is reset by each 
new token. 
For example: 

The code for the QUANT^SCALE (see B.8.7.4, "QUANT_SCALE") 
and QUANTJTABLE (see B.8.7.6, "QUANTJTABLE") are as 
follows: 

if (tokenheader == QUANT_SCALE) 
{ 

sprintf(preport, "QUANTSCALE"); 
reg_addr = ADDR_IQ_QUANT_SCALE; 
rnotw = WRITE; 
enable = 1; 

} 

if (tokenheader == QUANTJTABLE) /*Q U ANT_TAB LE token 7 

switch (substate) 

{ 

case 0: /* quantisation table header 7 
sprintf(preport, "QUANT_TABLE_%s_sO M 1 
(headerextn ? " (full) " : M (empty) " ) ); 
nextsubstate = 1; 
insertnext = (headerextn ? 0 : 1); 
reg^addr = ADDR_IQ_COMPONENT; 
rnotw = WRITE; 
enable = 1; 



break; 

case 1: /• quantisation table body */ 
sprintf (preport, •QUANT - TABX^.%s.sl ■ , ' 
{headerextn ? * (full) * : Mwnpty)*)); 
nextsubstate » I; 

insertnext » theaderextn ? 0 : (qun_addr_63 =* 0)); 
reg_addr « USE.QTO; 

motv » (headerextn ? WHITE : READ) ; 
enable » 1; 
break; 
default : 

sprintf fprepcrt, 'ERROR in iq quantisation table tokendeccde 
(substate %x)\n*, 
subs t ate) ; 



break; 

} 
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Where a substate is a state within a token, QUANT_SCAL£ 
has, for example, only one substate. However, the 
QUANT_TABLE has two, one being the header, the second the 
token body. 

5 The state machine is implemented as a PLA. Unrecognized 

tokens cause no wordline to rise and the PLA to output 
default (harmless) controls. 

Additionally, iqca supplies addresses to igraa from 
BodyWord counter and inserts words into the stream, for 
10 example in an unextended QUANT_TABLE (see B.8.7.4). This 
is achieved by stalling the input while maintaining the 
output valid. The words can be filled with the correct 
data in succeeding blocks (iqcb or iqaritb) . 

iqca is a single cycle in the datapath controlled by two- 
15 wire interfaces. 
B.8.6.2 igcb 

In the invention, iqcb holds the iq status registers. 
Under the control of iqca it loads or unloads these from/to 
the datapath. 

20 The status registers are decoded (see Table B.8.1) into 

control wires for iqarith; to control the XY multiplier terms 
and the post quantization functions* 

The sign bit of the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 

25 words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the iq. 

The status registers are accessible from the 
30 microprocessor only when the register iq_access has been 
set to one and reads back one. In this situation, iqcb has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb is a single cycle in the datapath controlled by two 
35 wire interfaces. 
B.8,6.3 Iqram 
- iqram must hold up to four quantization table matrices 
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(QTM), each 64*8 bits. It is, therefore, a 256*8 bits six 
transistor RAM, capable of one read or one write per cycle . 
The RAM is enclosed by two-wire interface logic receiving 
its control and write data from iqca. It reads out data to 
iqarith. Similarly, igrma occupies the same cycle in the 
datapath as iqcb. 

The RAM may be read and written from the microprocessor 
when iq_access reads back one. The RAM is placed behind a 
keyhole register, iq_qtm_keyhole and addressed by 
iq_qtm_keyhole_addr. Accessing iq_qtm_keyhole will cause 
the address to which it points, held in iq_qtm_keyhole_addr 
to be incremented. Likewise, iq_qtm_keyhole_addr can be 
written to directly. 
B.8.6.4 iqarith 

Note, iqarith is three functions pipelined and split over 
three cycles. The functions are discussed below (see 
Figure 133) . 

B. 8. 6.4.1 XY multiplier 

This is a 5(X) by 8(Y) bit carry save unsigned multiplier 
feeding on to the datapath multiplier. The multiplier and 
multiplicand are selected with control wires from iqcb. The 
multiplication is in the first cycle, the resolving adder 
in the second. 

At the input to the multiplier, data from iqram can be 
muxed onto the datapath to read a QUANTJTABLE out onto the 
datapath. 

B.8.6.4 . 2 (TY)* datapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 
Three partial products in the first cycle, seven in the 
second and the remaining two in the third. 

Since all output from the multiplier is less than 2047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 
the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 
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10 



B.8.6.4.3 Post quantization functions 

The post quantization functions" are 
Add 1024 

* Convert from sign magnitude to 2's complement 
representation, 

* Round all even numbers to the nearest odd number 
towards zero. 

•Saturate result to +2047 or -2048, 
•Set output to zero {see B.8.6,2) 

The first three functions are implemented on a 12 bit 
adder (pipelined over the second 2nd third cycles) . From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 





if dataoam > 0 


if dacaoatn > 0 


Ccnven to 2's cerement 


nothing 


invert add one 


Round all even nurs&ers 


subtfaci one 


add one J 



r unction 


- >f datacacn > 0 


if ca:aca:n > 0 ! 


Add t024 


add 1024 


add 102* ; 



Table B.8.2 Post quantization adder functions 

15 As will be appreciated by one of ordinary skill in the 

art, care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
2 0 B.8.7 Inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 



Inverse Quantizer. In most cases, the Token is unmodified 
by the Inverse Quantizer with the exceptions as noted 
below. All unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 
B • 8 » 7 • 1 SEQUENCE_START 

This Token causes the registers "iq_prediction 
mode[l:0] and iq_mpeg_indirection [ 1 : 0 } to be reset to zero, 
B * 8 * 7 . 2 COD I NONSTANDARD 

This Token causes iq_standard[ 1 : 0 ] to be loaded with the 
appropriate value based upon the current standard {MPEG, 
JPEG or H.261) being decoded. 
B . 8 • 7 . 3 PREDICTION_MODE 

This Token loads iq-predict ion_mode [ 1 : 0 ] . Although the 
PREDICTION_MODE Token carries more than two bits, the 
Inverse Quantizer only needs access to the two lowest order 
bits. These determine whether or not the block is intra 
coded . 

B • 8 . 7 . 4 QUANT_SCAL£ 

This Token loads iq_quant_scale[ 4 : 0 ] . 
B . 8 • 7 . 5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits identifying the color component and these are loaded 
into iq_component [ 1 : 0] . The next sixty four Token words 
contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the Inverse Quantizer is 
undefined. 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 
is correctly interpreted as zero. 

The DATA Token at the output of the Inverse Quantizer 
carries reconstructed coefficients. These are represented 
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in twelve bits in a twos complement format (eleven bits 
plus a sign bit) . The DATA Token at the output will have 
the same number of Token Extension words as it had at the 
input of the Inverse Quantizer. 

5 B.8.7.6 QUANT JTABLE 

This Token may be used to load a new quantization table 
or to read- out an existing table. Typically, in the 
Inverse Quantizer, the Token will be used to load a new 
table which has been decoded from the bit stream. The 

10 action of reading out an existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

The Token Head contains two bits identifying the table 
number that is to be used. These are placed in 

15 iq_component [ 1 : 0 ] . Mote that this register now contains a 
"table number'* not a color component. 

If the extension bit of the Token Head is one, the 
Inverse Quantizer expects there to be exactly sixty four 
extension Token Words. Each one is interpreted as a 

20 quantization table value and placed in a successive 
location of the appropriate table, starting at location 
zero. The ninth bit of each extension Token word is 
ignored. The Token is also passed to the output of the 
Inverse Quantizer, unmodified, in the normal way. 

25 If the extension bit of the Token Head is zero, then the 

Inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
becomes an extension Token word (the ninth bit will be 
zero). At the end of this operation, the Token will 

3 0 contain exactly sixty four extension Token words. 

The operation of the Inverse Quantizer in response to 
this token is undefined for all numbers of extension words 
except zero and sixty four. 
B . 8 ♦ 7 . 7 JP£G_TABLE_SELECT 

35 This token is used to load or unload translations of 

color components to table numbers to/from 



! 
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i 

ig_ipeg_indirection. These translations are used in JPEG 
and other standards. 

The Token Head contains two bits identifying the color 
component that is currently of interest. These are placed 
5 in iq_component( 1: 0] . 

If the extension bit of the Token Head is one, the Token 
should contain one extension word, the lowest two bits of 
which are written into the 
iq_ipeg_indirection [2*iq_component [ l : 0] +1 : 2*iq_component 
£J 10 [1:0]] location. The value just read becomes a Token 

extension word (the upper seven bits will be zero) . At the 
end of this operation, the Token will contain exactly one 
Token extension word. 
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Table B.8.3 JPEG_TABLE_S ELECT action 
15 B.8.7.8 MP£G_TABLE_SELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard. The Token Head contains two bits. Bit 
zero of the header determines which bit if 

20 iq_mpeg_indirection is written into. Bit one is written 
into that location. 

Since the iq_mpeg_indirection( 1 ; 0 ] register is cleared by 
the SEQUENC£_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 

2 5 transmitted in the bit stream. 
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B.8.8 Microprocessor Registers 
S .8.8.1 iq_access 

To gain microprocessor access to any of the iq registers, 
iq_access must be set to one and polled until it reads back 
one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and, therefore, not being stable. In the case of the igram, 
the accesses are locked out, reading back zeros. 

Writing zero to iq_access relinquishes control back to 
the datapath. 

B . 8 . 8 • 2 Iq_coding_standard [1:0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 
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Table B.S.4 Coding standard values 

This register is loaded by the CODING_STANDARD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory map and future 
implementations can deal with more than the above 
standards. 



B.8.8. 3 Iq_jnpeg_indirection[l: 0) 

This two bit register is used during MPEG decoding 
operations to maintain a record of which quantization 
tables are to be used. 

lq_mpeg_indirection[0] controls the table that is used 
for intra coded blocks. If it is zero then quantization 
table 0 is used and is expected to contain the default 
quantization table. If it is one, then quantization table 
2 is used and is expected to contain the user defined 
quantization table for intra coded blocks. 

This register is loaded by the MPEGJTABLE_SELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
8.8*8.4 lq_ipeg_indixection [7:0] 

This eight bit register determines which of the four 
quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan. 

•Bits (1-01 hold the table number that will be used for component zero. 
•Bits [3.21 hold the table number that will be used for component one. 
•Bits [5.41 hold the table number that will be used for component rwo. 
•Bits {7.6] hold the table number that will be used for component three. 

This register is affected by the JPEG_TABLE — SELECT Token. 
B . 8 . 8 • 5 iq_guant_scale [-4.0] 

This register holds the current value of the quantization 
scale factor. This register is loaded by the QUANT_SCALE 
Token. 

B ♦ 8 „ 8 . 6 iq^component [1:0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix (QTM) number* It is 
loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
re f erence to iq_ipeg_indirection[7 : 0] . In other standards, 
iq_component [ 1 : 0 ] is ignored. 



The JPEG JTABLE^SELECT Token causes this register be 
loaded with a color component. It is then used as an index 
into iq_ipeg_indirection( 7 : o ] which is accessed by the 
tokens body. 

5 The QUANT_SCALE Token causes this register to be Loaded 

with the QTM number* This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B . 8 . 8 • 7 iq_j?rediction_mode(l: 0] 

10 This two bit register holds the prediction mode that will 

be used for subsequent blocks. The only use that the 
Inverse Quantizer makes of this information is to decide 
whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 

15 coded. 

This register is loaded by the PREDICTI0N_M0DE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

Iq_predict ion_mode [ 1 : 0 ] has no effect on the operation in 
JPEG and JPEG variation modes. 
2 0 B. 8 • 8 • 8 Iq_ipeg_indirection [7 : 0] 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirect ion as shown in Table B.8.3. 
25 This register location is written to directly by the 

JPEG_TABLE_SELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG^TABLE SELECT Token if the non-extended form of the 
30 Token is used. 

B.8.8.9 Iq_quant_table[-3 : 0] [63:0] [7:0] 

There are four quantization tables, each with 64 
locations. Each location is an eight bit value. The value 
zero should not be used in any location. 
35 These registers are implemented as a RAM described in 

3.8.6.3, "Igram". 

These tables may be loaded using the QUANTJTABLE 



Token . 

Note that data in these tables are stored in zig-zag scan 
order. Many documents represent quantization table values 
as a square eight by eight array of numbers. Usually, the 
DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive "i M , 
B*8*9 Microprocessor Register Map 
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B.8.X0 Test 

Test coverage to the Inverse Quantizer at the input is 
through the Inverse Modeler's output snooper, and at the 
output through the Inverse Quantizer's own snooper. Logic 
5 is covered by the Inverse Quantizer's own scan chain* 

Access can be gained to igraa without reference to 
iq_access if the ramtest signal is asserted. 



SECTION B.9 EDCT 
B.9 - 1 Introduction 

The purpose of this description of the Inverse Discrete 
Cosine Transform (IDCT) block is to provide a source of 
engineering information for the IDCT. It includes 
information on the following. 

• purpose and main features of the IDCT 
•how it was designed and verified 

* structure 

It is intended that the description should provide one of 
ordinary skill in the art sufficient information to 
facilitate or aid the following tasks. 

•appreciation of the IDCT as a "sillicon macro 

function" 

• integration the IDCT onto another device 
-development of test programs for the IDCT silicon 
•modification, re-design or maintenance of the IDCT 

* development of a forward DCT block 
B*9,2 Overview 

A Discrete Cosine Transform/ Zig-Zag (DCT/ZZ) performs a 
transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
pixel block in a frequence domain, sorted according to 
frequency. Since the eye is sensitive to DC components in 
a picture, but much less sensitive to high frequency 
components, the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 
as quantization. The quantization process reduces the 
information contained * in the picture, that is, the 
quantization process is lossy. Lossy processes give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 
likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 



compression, although run-length coding is generally not a 
lossy process. 

The IDCT block (which actually includes an Inverse Zig- 
zag RAM, or IZZ, and an IDCT) takes frequency data, which 
5 is sorted, and transforms it into spatial data. This 
inverse sorting process is the function of IZZ. 

The picture decompression system, of which the IDCT block 
forms a part, specifies the pixels as integers. This means 
that the IDCT block must take, and yield, integer values. 

10 However, since the IDCT function is not integer based, the 
internal number representation uses fractional parts to 
maintain internal accuracy. Full floating-point arithmetic 
is preferable, but the implementation described herein uses 
fixed-point arithmetic. There is some loss of accuracy 

15 using fixed-point arithmetic, but the accuracy of this 
implementation exceeds the accuracy specified by H.261 and 
the IEEE. 

B.9.3 Design Objectives 

The main design objective, in accordance with the present 
20 invention, was to design a functionally correct IDCT block 
which uses a minimum silicon area. The design was also 
required to run with a clock speed of 30MHz under the 
specified operating conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
2 5 clock rates will be needed in the future, and the 
architecture of the design allows for this wherever 
possible. 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces. 
30 -a 12-bit wide Token data input port 

- a 9-bit wide Token data output port 

• a microprocessor interface port 
■ a system services input port 

* a test interface 

35 * resynchronizing signals 

Both the Token data ports are the standard Two-wire 
Interface type previously described. The widths 



illustrated, refer to the number of bits in the data 
representation, not the total number of wires in a port. 
In addition, associated with the input Token data port are 
the clock and reset signals used for resynchronization to 
5 the output of the previous block. There are also two 
resynchroni2ing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 

10 select inputs which are used to select the address spaces 
for events, internal registers and test registers. This 
mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 

15 signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 

The system services port consists of the standard clock 
and reset input signals, as well as, the 2-phase override 

20 clocks and associated clock override mode select input. 

The test interface consists of the JTAG clock and reset 
signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 

25 since the IDCT does not require any microprocessor access 
to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9.5 The Mathematical Basis for the Discrete Cosine 
3 0 Transformation 

In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently, but the two- 
35 dimensional DCT has the property of being separable. 
Separable transforms can be computed along each dimension 
independent of the other dimensions. This implementation 
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uses a one-dimensional IDCT algorithm designed specifically 
for napping onto hardware; the algorithm is not appropriate 
for software models. The one-dimensional algorithm is 
applied successively to obtain a two-dimensional result. 

The mathematical definition of the two-dimensional DCT 
for an N by N block of pixels is as follows: 



EQ 10. forward DCT 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications. A one- 
dimensional DCT is mathematically equivalent to multiplying 
two N by M matrices. Mathematically the two-dimensional 
case is: 

Y=[XC] T C 
Where C is the matrix of cosine terms* 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 
mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Note that 
the 2/N term governs the DC level. The constants c(j) and 
c(k) are known as the normalization factors. 
B.9.6 The IDCT Transform Algorithm 

As subsequently explained in further detail, the 
algorithm used to compute the actual IDCT transform should 
be a "fast" algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 
order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re-use of many of the most costly arithmetic 
elements. 

In the diagram illustrating the algorithm (Figure 136) , 
the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtracters also has a symmetry, the adders and subtractors 
can be combined with relatively little cost {4 
adder/ subtractors being significantly smaller than 4 adders 
+ 4 subtractors as illustrated) . 

Note that all the outputs of a single dimensional 
transform are scaled by V2. This means that the final 2- 
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dimensional answer will be scaled by 2. This can then be 
easily corrected in the final saturation and rounding stage 
by shifting* 

The algorithm shown was coded in double precision 
floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) ♦ A further stage was then used to code a 
bit-accurate integer version of the algorithm in c (no 
timing information was included) which could be used to 
verify the performance and accuracy of the algorithm as it 
would be implemented on silicon. The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 
15 Figure 137 shows the overall IDCT Architecture in a way 

that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 

2 0 be calculated separately. 

The IDCT Transform Architecture 
As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 
25 * significant re-use of the costly arithmetic 

operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 

3 0 coefficient store) 

•small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 

3 5 -can arrange to generate results in natural order 

• no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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* advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

* architecture allows each stage to take 4 clock 
cycles, i*e„, removes the requirement for very fast 
(large) arithmetic operations 

- architecture will support much faster operation than 
current 30MHz pixel-clock operation by simply 
changing resolving operations from small/slow ripple 
carry to larger/ faster carry- lookahead versions. The 
resolving operations require the largest proportion 
of the time required in each stage so speeding up 
only these operations has a significant effect on the 
overall operations speed, whilst having only a 
relatively small increase on the overall size of the 
transform. Further increases in speed can also be 
achieved by increasing the depth of pipelining. 

* control of the transform data-flow is very 
straightforward and efficient 

The diagram of the ID Transform Micro-Architecture 
(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met. The 
control of this architecture is achieved by matching a 
"control shift-register" to the data-flow pipeline. This 
control is straightforward to design and is efficient in 
silicon layout. 

The named control signals on Figure 141 (latch, sel_byp 
etc) are the various enable signals used to control the 
latches and, thus, the signal flow. The clock signals to 
the latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
The techniques used generally fall into two major classes. 

•Retention of maximum dynamic range, with a fixed 

word width, at each intermediate state by individual 
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control of the fixed-point position, 

•Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
manipulation of arithmetic operations (rather than 
increasing accuracy by simply increasing the word 
width of the entire transform) 

The straightforward way to design a transform would 
involve a simple fixed-point implementation with a fixed 
word-width made large enough to achieve accuracy . 
Unfortunately, this approach results in much larger word 
widths and, therefore, a larger transform. The approach 
used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 
any particular intermediate value, achieving the maximum 
possible accuracy . 

Because the allowable results are specified 
statistically, selective adjustments can be made to any 
intermediate value truncation operation in order to improve 
overall accuracy. The adjustments chosen are simple 
manipulations of LSB calculations, which have little or no 
cost* The alternative to this technique is to increase the 
word width, involving significant cost. The adjustments 
effectively "weight" final results in a given direction, if 
it is found that previously, these results tend in the 
opposite direction* By adjusting the fractional parts of 
results, we are effectively shifting the overall average of 
these results. 

B.»«8 I DOT Block Diagram Description 

The block diagram of the IDCT shows all the blocks that 
are relevant to the processing of the Token Stream. This 
diagram, Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 
in the diagram. 
B. 9.8.1 DATA Error Checker 

The first block is the DATA error checker and corrector, 
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called "decheck" which takes and produces a 12-bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens. All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
5 DATA Tokens with a number of extensions not equal to 64. 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_f ew_event , and "supernumerary" (>64 
extensions), an idct_too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 

10 also attempts simple error recovery by manipulation of the 
Token Stream. In the case of deficient errors, the DATA 
Token is packed with "0" value extensions (stops accepting 
input and performs insert) to make up the correct 64 
extensions. In the case of a supernumerary error, the 

15 extension bit is forced to "0" for the 64th extension and 
all extra extensions are removed from the Token Stream. 
B. 9.8.2 Inverse Zig-Zmg 

The next block on the Spatial Decoder in Fig. 13 8 is the 
inverse zig-zag RAM 441, "izz", and again it takes and 

20 produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA 

2 5 Tokens (i.e., 64 extensions only). If this is not true, 

then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at the IDCT output. It is also possible to change the 

3 0 ordering to provide vertically scanned output. In addition 

to the standard IZZ ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 
35 order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 
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B.9.S.3 Input Formatter 

The next block in Figure 138 is the input formatter 442 , 
"ip_fmt ff \ which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12-bit wide Token 
Stream input and 22-bit wide token Stream output. DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 22- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
other Tokens are unshifted and the extra unused bits are 
simply set to 0. 

B.9.8.4 1-Dimenaional Transform - 1st Dimension 

The next block shown in Figure 138 is the first single 
dimension IDCT transform block 443,"oned". This inputs and 
outputs 22-bit wide token Streams and, as usual, the stream 
is parsed and DATA Tokens are recognized. All other tokens 
are passed through unaltered. The DATA Tokens pass through 
a pipelined datapath that performs an implementation of a 
single dimension of an 8-by-8 Inverse Discrete Cosine 
Transform. At the output of the first dimension, there are 
7 bits of fraction in the data word. All other Tokens run 
through a merely shift register datapath that simply 
matches the DATA transform latency and are recombined into 
the Token Stream before output. 
8.9.8.5 Transpose RAX 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 
in the same way and actually share much of their control 
logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B.9.8.6 1-Dimensional Transform - 2nd Dimension 

The next block shown is another instance of a single 
dimension IDCT transform and is identical in every way to 
the first dimension. At the output of this dimension there 
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are 4 bita of fraction. 
B.9.1.7 Round and Saturate 

The round-and-saturate block 446 in Figure 138, H ras M , 
takes a 22-bit wide Token Stream containing DATA extensions 
5 in 22 -bit fixed point format and outputs a 9-bit wide Token 
Stream where DATA extensions have been rounded (towards +ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 
10 B.9.9 Hardware Descriptions of Blocks 
B.9.9.X Standard Block Structure 
-J For all the blocks that handle a Token Stream there is a 

standard notional structure as shown in Figure 13 9. This 
separates the two-wire interface latches from the section 
H| 15 that performs manipulation of the Token Stream. Variations 

a on this structure can include extra internal blocks (such 

2 as a RAM core) . In some blocks shown, the structure is 

y :; made less obvious in the schematic (although it does 

SO actually still exist) because of the requirement of 

^ 2 0 grouping together all the "datapath" logic and separate 

this from all the standard cell logic. In the case of a 
very simple block, such as "ras M , it is possible to take 
the latched out^accept straight into the input two-wire 
latch without logical manipulation. 

2 5 B.9.9,2 "Decheck" - DATA Error Checking/Recovery 

The first block 440 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
Overview section. The detected errors are handled with the 
standard event mechanism which means that events can be 

3 0 masked and the block can either continue with the recovery 

procedure when an error is detected or be stopped depending 
on event mask status. The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
35 serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 
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interface latch is of the "front* type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it* This block 
works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be "0* when the count does 
not equal 63, an error signal is generated (which goes to 
the event logic) and depending on the state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "deficient" errors 
uses the counter to control the insertion of the correct 
number of extensions into the Token Stream (the value 
inserted is always H 0") . Obviously, input is not accepted 
whilst this insertion proceeds. When it is found that the 
extension bit is not "0" on the 64th extension, a 
" supernumerary n error is generated, the DATA Token is 
completed by forcing the extension bit to "0" , and all 
succeeding words with the extension bit set to "1" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 
(unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 
B . 9 • 9 . 3 "Isa" and "tram" - Reordering RAMs 

The "izz" 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAM) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 
a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 



re-ordering are different, but a large section of the 
control logic for each RAM is identical and is actually 
organized into a "common control" block which is instanced 
in the schematic for each RAM . The difference in width has 
5 no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
of the appropriate width. 

The overall behavior of each RAM is essentially that of 

10 a FIFO * This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 30 MHz throughout the system since output 

15 of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 

20 required is different for inverse zig-zag and transpose 
sequences and is somewhat less than 64 in both cases. 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 

25 complexity of control logic required. 

The RAM core is implemented with a design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 

3 0 The re-ordering operation is performed by generating a 

particular sequence of. read addresses ("sequence address 
generation") in the range 0-> 63, but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning) or 

35 by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row in Odd/Even format (i.e., 
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1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7)) because of 
the requirements of the IDCT transform 1 -dimensional 
blocks . 



sequence generation simply requires the generation of row 
and column addresses separately, both implemented with 
counters* The row re-ordering requirement simply means 
that row addresses are generated with a simple specific 

10 state machine rather than a natural counter. 

Inverse zig-zag sequences are rather less straightforward 
to generate algor ithmically . Because of this fact, a small 
ROM is used to hold the entire 64 6 bit values of address, 
this being addressed with row and column counters which can 

15 be swapped in order to change between horizontal and 
vertical scan modes. A ROM based generator is very quick 
to design and it further has the advantage that it is 
trivial to implement a forward zig-zag (ROM re-program) or 
to add other alternative sequences in the future. 

2 0 B.9.9.4 "Oned" - Single Dimension IDCT Transform 

This block has a pipeline depth of 20 stages and the 
pipeline is rigid when stalled. This rigidity greatly 
simplifies the design and should not unduly affect overall 
dynamics since the pipeline depth is not that great and 

2 5 both dimensions come after a RAM which provides a certain 

amount of buffering . 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 

3 0 passed through unchanged. Note that the schematic is drawn 

in a particular way. First, because of the requirements to 
group together all the datapath logic and second, to allow 
automatic compiled code generation (this explains the 
control logic at the top level) . 
3 5 Tokens are parsed as normal and then DATA extensions, and 

other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 
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Transpose address sequence 
straightforward a Igor ithmically . 



generation is quite 
Straight transpose 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
shift register to handle the remainder of the Token Stream. 

The control section of "oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens. The other major section controls the transform 
datapath. The main mechanism for the control of this 
datapath is a control shift-register which matches the 
datapath pipeline and is tapped-off to provide the 
necessary control signals for each stage of the datapath 
pipeline. 

The "oned" block has the requirement that it can only 
start operation on complete rows of DATA extensions, i.e., 
groups of 8. It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, the 
operation of "izz" and the w tram w ensure that complete DATA 
blocks are output as an uninterrupted sequence of 64 valid 
extension values. 
B. 9 .9.4.1 Transform Datapath 

The micro-architecture of the transform datapath, "t_dp" 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 
does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline. The 
basic sub-Structure of the datapath, i.e., the three main 
sections can also be seen (e.g., pre-common, common and 
post-common) as can the arithmetic and latch resources 
required. The named control signals are the enables for 
the pipeline latches (and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

within the transform datapath there are a number of latch 
stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 
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output. Some of latches are of the muxing type , i.e., they 
can be conditionally loaded from more than one source. All 
the latches are of the enabled type, i,e., there are 
separate clock and enable inputs. This means that it is 
5 easy to generate enable signals with the correct timing, 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows, 
■a number of fixed coefficient multipliers 
10 (carry-save output) 

• carry-save adders 

• carry-save subtractors 

• resolving adders 

• resolving adder/subtractors 

15 All arithmetic is performed in two's complement 

representation. This can either be in normal (resolved) 
form or in carry-save form (i.e., two numbers whose sum 
represents the actual value) . All numbers are resolved 
before storage and only one resolving operation is 

20 performed per pipeline stage since this is the most 
expensive operation in terms of time. The resolving 
operations performed here all use simple ripple-carry. 
This means that the resolvers are quite small, but 
relatively slow. Since the resolutions dominate the total 

25' time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units, 

B. 9.9.5 "Ras" - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
30 taking 22-bit fixed point numbers from the output of the 
second dimension "oned". and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/N term) and to 
3 5 further divide-by-2 required to compensate for the \'2 pre- 
scaling performed in each of the two dimensions. This 
division by 3 • implies that the fixed point position is 



interpreted as being three bits further left than 
anticipated, i.e., treat the result as having 15 bits of 
integer representation and 7 bits of fraction (rather than 
4 bits of fraction) . The rounding mode implemented is 
5 "round to positive infinity", i.e., add one for fractions 
of exactly 0.5. This is primarily' done because it is the 
simplest rounding mode to implement. After rounding (a 
conditional -increment of the integer part) is complete, 
this result is inspected to see whether the 9-bit signed 
10 result requires saturation to the maximum or minimum value 
in this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value. 

As usual, the Token Stream is parsed and the round and 
15 saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells. 
B.9.9.6 "Idctsels" - IDCT Register Select Decoder 

This block is a simple decoder which decodes the 4 
20 microprocessor interface address lines, and the "sel_test M 
input, into select lines for individual blocks test access 
(snoopers and RAMs) . The block consists only of zcells 
combinatorial logic. The selects decoded are shown in 
Table B.9.2. 




Table s.».i IDCT Test Address 

Repeated address 



8*9.9.7 "idetregs** - IDCT Control Register and Events 

This block of the invention contains instances of the 
standard event logic blocks to handle the DATA deficient 
and supernumerary errors and also a single memory mapped 
5 bit "vscan" which can be used to make the "izz" re-ordering 
change such that the IDCT output is vertically scanned. 
This bit is reset to the value "0", i.e., the default mode 
is horizontally scanned output. The two possible events 
are OR-ed together to form an idctevent signal which can be 
10 used as an interrupt. See Section B.9.10 for the addresses 
and bit positions of registers and events. 
3.9.9.8 Clock Generators 

Two "standard" type ("clkgen") clock generators are used 
in the IDCT. This is done so that there can be two 
15 separate scan-paths. The clock generators are called 
"idctcga" and "idctcgb M . Functionally, the only difference 
is that ,f idctcgb M does not need to generate the "notrstl" 
signal. The amounts of buffering for each of the clock and 
reset outputs in the two clock generators is individually 
20 tailored to the actual loads driven by each clock or reset. 
The loads that are matched were actually measured from the 
gate and track capacitances of the final layout. 

When the IDCT top-level Block Place and Route (BPR) was 
performed, advantage was taken of the capabilities of the 

2 5 interactive global routing feature to increase the widths 

of tracks of the first sections of the clock distribution 
trees for the more heavily loaded clocks (ph0_b and phl_b) 
since these tracks will carry significant currents. 
B.9*9.9 JTAG Control Blocks 

3 0 Since the IDCT has two separate scan-chains, and two 

clock generators, there are two instances of the standard 
JTAG control block, "jspctle" . These interface between the 
test port and the two scan-paths. 
B.9.10 Event and Control Registers 
3 5 The IDCT can generate two events and has a single bit of 

control. The two events are idct_too_f ew^event and 
idct_too_many_event which can be generated by the "decheck" 



block at the front of the IDCT if incorrect DATA Tokens are 
detected. The single control bit is "vscan" which is set 
if it is required to operate the IDCT with the output 
vertically scanned. This bit, therefore, controls the 
"izz" block. All the event logic and the memory mapped 
control bit are located in the block " idctregs" . 

From the point of view of the IDCT, these registers are 
located in the following locations* The tristate i/o wires 
n_derrd and n-serrd are used to read and write to these 
locations as appropriate. 



Addr. 
<he*> 


8ft 
num. 


Register Name 


0x0 


7..1 


not used ] 


0 j vscan | 



Table B.9,2 IDCT Control Register Address Space 
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name 
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QxO 


n.derrd 


idct_tooJ«w_tvent j 




n.serrd 


i dCJ.ro o_ma ny _*vtn t 


Zx) 


n_derrd 


idctjoojew_masx 




n_$etT<3 


)dct,„:oo_nany_ma5k | 



Table B.9.3 IDCT Event Address Space 



B.9.11 Implementation Issues 
B. 9. ll.l Logic Design Approach 

In the design of all the IDCT blocks, in accordance with 
the invention, there was an attempt to use a unified and 
5 simple logic design strategy which would mean that it was 
possible to do a "safe" design in a quick and 
straightforward manner* For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
10 correct system resets. Although it might often be possible 
to come up with clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages. 

* conceptually simple 
15 * easy to design 

•speed of operation is fairly obvious (cf. 
latch->logic->latch>logic style design) and 
amenable to automatic analysis 
-glitches not a problem (cf. SR latches) 
20 • using only system reset for initialization 

allows scan paths to work correctly 

• allows automatic complied C-code generation 

There are a number of places where transparent d-type 
latches were used and these are listed below. 
2 3 " B. 9.11.1.1 two-wire interface latches 

The standard block structure uses latches for the input 
and output two-wire interfaces. No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

30 B.9.11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the 111 sequence generator at the 
output of the ROM. 

B.9.11. 1.3 Transform Datapath and Control Shi f t-Reoister 

35 It is possible to implement every pipeline storage stage 

as a full master-slave device, but because of the amount of 
storage required* there is a significant savings to be had 
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by using latches. However, this scheme requires the user 

to consider several factors. 

^control shift-register must now produce control 
signals of both phases for use as enables (i.e., 
5 need to use latches in this shift-register) 

•timing analysis complicated by use of latches 
* the "tjpostc" will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 
10 enables this is not a problem for the circuit) 

Nonetheless, the area saved by the use of latches makes 

it worthwhile to accept these factors in the present 

invention . 

B.9.11.1.4 Microprocessor interfaces 

15 Due to the nature of this interface, there is a 

requirement for latches (and resynchronizers) in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores. 

B.9.11.1,5 JTAG Test Control 

20 These standard blocks make use of latches. 

B. 9. 11.2 circuit Design Issues 

Apart from the work done in the design of the library 
cells that were used in the IDCT design (standard cells, 
datapath library, RAMs, ROMs, etc.) there is no requirement 

23 for any transistor level circuit design in the IDCT. 
Circuit simulations (using Hspice) were performed of some 
of the known critical paths in the transform datapath and 
Hspice was also used to verify the results of the Critical 
Path Analysis (CPA) tool in the case of paths that were 

30 close to the allowed maximum length. 

Note that the IDCT *is fully static in normal operation 
(i.e., we can stop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . Due to 

3 5 the non-restored nature of some nodes which exhibit a vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 



B.9*11.3 Layout Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
5 and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g., RAMs , ROM, clock 
generators, datapaths) or, in the case of the "oned" block, 
had been built using BPR from further zcells and datapaths. 
Datapaths were constructed from kdplib cells. 
10 Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
S| providing a worthwhile size benefit. The datapath used in 

each of the "oned" blocks, M oned_d ,! , is by far the largest 
f|| single element in the design and considerable effort was 

SI 15 put into optimizing the size (height) of this datapath. 

f !1 The organization of the transform datapath, n t_dp", is 

•lak- rather crucial since the precise ordering of the elements 

^ within the datapath will affect the way the interconnect is 

handled. It is important to minimize the number of "overs" 
[J 20 (vertical wires not connecting to a sub-block) which occur 

"f* h at the most congested point since there is a maximum 

allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this is the way that the 
2 5 datapath layout was performed. In each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are, therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 
30 the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly . 
35 verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms to 
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final layout checks. 

The initial work on the transform architecture was done 
in c, both full-precision and bit-accurate integer models 
were developed. Various tests were performed on the bit- 
5 accurate model in order to prove the conformance to the 
H.261 accuracy specification and to measure the dynamic 
ranges of the calculations within the transform 
architecture.. 

The design progressed in many cases by writing an M 

10 behavioral description of sub-blocks (for example, the 
control of datapaths and RAMs) . Such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that block* In some cases (e.g., 
RAMs , clock generators) the behavioral descriptions were 

15 still used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
(i.e., zcells and kdplib) were mainly simulated using their 

20 behavioral descriptions since this results in far smaller 
and quicker simulations. Additionally, the behavioral 
library cells provide timing check features which can 
highlight some circuit configuration problems. As a 
confidence check, some simulations were performed using the 

25 transistor descriptions of the library cells. All the 
logic simulations were in the zero-delay manner and, 
therefore, were intended to verify functional performance. 
The verification of the real timing behavior is done with 
other techniques. 

3 0 Lsim switch-level simulations (with RC_Timing mode being 

used) were done as a partial verification of timing 
performance, but also provide checks for some other 
potential transistor level problems (e.g., glitch sensitive 
circuits) . 

35 The main verification technique for checking timing 

problems was the use of the CPA tool, the "path" option for 
"datechk". This was used to identify the longer signal 
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paths (some were already known) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sink methodology since the bulk of the IDCT 
5 behavior is exercised by the flow of Tokens through the 
device. Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

10 Compiled-code simulations can be readily accomplished by 

one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification. 

15 B.9.13 Testing and Test Support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 

2 0 follows: 

* microprocessor access to RAM cores 
microprocessor access to snooper blocks 

* scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
25 block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the other microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 

3 0 microprocessor access, it is possible to control the Token 

inputs to any block and then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
35 block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b", the former running from the 
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"decheck" block to the "ip_fmt* block and the latter from 
the first "oned" block to the "ras n block* 

Access to snoopers is possible by accessing the 
appropriate memory mapped locations in the normal manner. 
5 The same is true of the RAM cores (using the "ramtest" 
input as appropriate) . The scan paths are accessed through 
the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 
various test issues. 
10 B. 9. 13.1 "Decheck" 

This block has the. standard structure (see Figure 13 9) 
where two latches for the input and output two-wire 
interfaces surround a processing block. As usual, no scan 
is provided to the two-wire latches since these simply pass 
15 on data whenever enabled and have no depth of logic to be 
tested. In this block, the "control" section consists of 
a 1-stage pipeline of zcells which are all on scanpath "a". 
The logic in the control section is relatively simple, the 
most complex path is probably in the generation of the DATA 

2 0 extension count where a 6-bit incrementer is used. 

B.9.13.2 M Ili M 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 

25 implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers plus the ability to increment or 

30 decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 
B. 9. 13.3 "lp_f*t" 

3 5 This block again has the standard structure. Control 

logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 



of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple. 
B. 9.13.4 "Oned" 

Again, this block follows the standard structure and 
divides into random logic and datapath sections. The zcell 
logic is relatively straightforward," all the zcells are on 
scanpath "a". The control signals for the transform 
pipeline datapath are derived from a long shift register 
consisting of zcell latches which are on the scanpath. 
Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth of logic between some stages of the pipeline (e.g., 
multipliers and adders) . The non-DATA Tokens are passed 
along a shift register, implemented as a datapath/ and 
there is no test access to any of the stages. 
B.9.13.5 Tram' 

This block is very similar to the "izz" block. In this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algorithmicaily . 
All the zcell control states are on datapath "b". 
B.9.13,6 Rras' 

This block follows the standard structure and is entirely 
implemented with zcells. The most complex logical function 
is the 8-bit incrementer used when rounding up. All other 
logic is fairly simple. All states are scanpath H b" . 
B, 9. 13.7 Other top-level blocks 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 
are also the two clock generators which do not have any 
special test access (although they support various test 
features) . The block "idetsels" is combinatorial zcell 
logic for decoding microprocessor addresses and the block 
"idctregs" contains the microprocessor accessible event and 
control bits associated with the IDCT. 
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SECTIONS, 10 Introduction 

B.io.l Overview of thm Ttiportl Decoder 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 142* 

All data flow between the blocks of the chip (and much of 
the data flow within blocks) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
142 represents a two-wire interface. The incoming token 
stream passes through the input interface 450 which 
synchronizes the data from the external system clock to the 
internal clock derived from the phase-locked- loop 
(phO/phl) . The token stream is then split into two paths 
via a Top Fork 451; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 
FIFO buffers data while data from previous I or P frames is 
fetched from the DRAM and processed in the Prediction 
Filters 454 before being added to the incoming error data 
from the Spatial Decoder in the Prediction Adder 455 (P and 
B frames) • During MPEG decoding, frame reordering data 
must also be fetched for I and P frames so that the output 
frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 456. 

The Address Generator 4 52 generates separate addresses 
for forward and backward predictions, reorder, read and 
write-back, the data which is written back being split from 
the stream in the Write Rudder block 457. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 458 . 

All the major blocks in the Temporal Decoder are 
connected to the internal microprocessor interface (UPI) 
bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
459. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 
microprocessor interface is the event logic ♦ 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test. First, the IEE 1149.1 
( JTAG) interface 4 60 provides an interface to internal scan 
paths as veil as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
the data flow via the microprocessor interface while in 
test mode are included at strategic points in the pipeline 
architecture. 
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SECTION B.ll Clocking, Test and Related Issues 
B.ll.l Clock Regimes 

Before considering the individual functional blocks 
within the chip, it is helpful to have an appreciation of 
5 the clock regimes within the chip -and the relationship 
between them. 

During normal operation, most blocks of the chip run 
synchronously to the signal pllsysclk from the phase- 
locked-loop (PLL) block. The exception to this is the DRAM 

10 interface whose timing is governed by the need to be 
synchronous to the if time sub-block f which generates the 
DRAM control signals (notwe, notoe, notcas, notras) . The 
core of this block is clocked by the two-phase non- 
overlapping clocks clkO and clkl, which are derived from 

15 the quadrature two-phase clocks supplied independently from 
the PLL ckiO, ckil and clkqO, ckql. 

Because the clkO, clkl DRAM interface clocks are 
asynchronous to the clocks in the rest of the chip, 
measures have been taken to eliminate the possibility of 

20 metastable behavior (as far as practically possible) at the 
interfaces between the DRAM interface and the rest of the 
chip. The synchronization occurs in two areas: in the 
output interfaces of the Address Generator 
(addrgen/predread/psgsync, addrgen/ip_wrt2/syncl8 and 

2 5 addrgervip_rd2/syncl8) and in the blocks which control the 
"swinging" of the swing-buffer RAMs in the DRAM Interface 
(see section on the DRAM Interface) . In each case, the 
synchronization process is achieved by means of three 
metastable-hard flip-flops in series. It should be noted 

30 that this means that clko/clkl are used in the output 
stages of the Address Generator. 

In addition to these completely asynchronous clock 
regimes, there are a number of separate clock generators 
which generate two-phase non-overlapping clocks (phO, phi) 

35 from pllsysclk. The Address Generator, Prediction Filters 
and DRAM Interface each have their own clock generators; 
the remainder of the chip is run off a common clock 



generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
5 generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these- clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 

10 different clock generators could mean that underlap 
occurred at the interfaces. Circuitry built into each 
"Snooper" block (see Section B.ll.4) ensures that this does 
not occur ; and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 

15 front of the Address Generator, where the resynchronization 
is performed in the Token Decode block. 
B.ll.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 

20 scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator (tphO, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 

25 paths are generated automatically by a post-processor which 
correctly connects these clocks* From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 

30 During normal operation, the master clocks can be derived 

in a number of different- ways . Table B.ll.l indicates how 
various modes can be selected depending on the states of 
the pins pllselect and override. 
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pi!s«i«Ct 


override 


Mode 


0 


0 


pilsysclk is connected directly to external syscik. 
bypassing the PLL; ORAM Interface ctocks (ckiO. ckil, 
ckqO, ckql) are controlled directly from the o>ns ti and :q. , 


0 


1 


Overnde mode - pftO and phi cJocks are controlled | 
directly from pins tphoisn and tphitsn: DRAM interface 
docks (ckiO, ckil. ckqO. ckql) are controlled direct'*/ 
from the pins tl and tq. ; 


i 


0 


Normal operation, pllsysclk is yse c:ocx generated ty tne i 
PLL; DRAM Interface docks are generated by me 3I -L. 


l 


1 


External resistors connected to ti ano tq are uses irs;eac • 
of the internal resistors fdeoug only). ; 



Table B.li.i clock Control Modes 



B.11.3 The Tvo-vire Interface 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference* However, 
the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
two-wire interface in order to be able to interpret many of 
the schematics* In general, these internal pipeline stages 
are structured as shown in Figure 14 3. 
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Figure 143 shows a latch-logic-latch representation as 
this is the configuration which is normally used. However, 
when a number of stages are put together , it is equally 
valid to think of a "stage" as being latch-latch-logic (for 
5 many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block. 

Referring again to Figure 143, a simple two-wire 

10 interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched injvalid directly into 
the NOR gate on the input to the in_accept latch in the 
same way as out_yalid and out_accept are gated. Data and 

15 valid signals then propagate when the corresponding accept 
signal is high. By ORing injvalid with out_accept_reg in 
the manner shown, data will be accepted if in_valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 

2 0 a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 143, 
in_accept and out_valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 

2 5 master-slave devices with the master enabled by phi and the 

slave enabled by phO. 
B .11 .4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 

3 0 Interface. There are two types of snooper blocks. 

Ordinary Snoopers can only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain 
circuitry which synchronizes the asynchronous data from the 
35 Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Temporal Decoder. 
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Table B.11.2 Snoopers in Temporal Decoder. 




Table B.11.2 Snoopers in Temporal Decoder 

Details on the use of both Snoopers are contained in 



test section. Details of the operation of 
interface are contained in the JTAG document. 



the 



the JTAG 



SECTION B.12 Functional Blocks 

B,12,I Top For* 

The Top Fork, in accordance with the present invention, 
serves two different functions. First, it forks the data 
5 stream into two separate streams: one to the Address 
Generator and the other to the FIFO. Second, it provides 
the means of starting and stopping the chip so that the 
chip can be configured. 

The fork part aspect of the component is very simple. 

10 The same data is presented to both the Address Generator 
and the FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus, 
the valids of the two branches of the fork are dependent on 
the accepts from the other branch. If the chip is in a 

15 stopped state, the valids to both branches are held low. 

The chip powers up in a state where in_accept is held low 
until the configure bit is set high. This ensures that no 
data is accepted until the user has configured the chip. 
If the user needs to configure the chip at any other time, 

20 he must set the configure bit and wait until the chip has 
finished the current stream. The stopping process is as 
follows : 

1) If the configure bit has been set, do not 
accept any more data after a flush token has 

2 5 been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the FLUSH Token reaches the Read 
Rudder. This causes the signal seq_done to go 
high . 

30 3) When seq_done goes high, set an event bit which 

can be read by the Microprocessor. The event 
signal can be masked by the Event block. 
B.12.2 Address Generator 

In the present invention, the address generator (addrgenj 
35 is responsible for counting the numbers of blocks within a 
frame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the token stream from the token input port (via topfork) , 
and its output to the DRAM interface consists of addresses 
and other information, controlled by a request/acknowledge 
protocol . 

5 The principal sections of the address generator are: 

■ token decode 

■ block counting and generation of the DRAM block 
address 

•conversion of motion vector data into an address 
10 offset 

■ request and address generator for prediction 
transfers 

- reorder read address generator 
•write address generator 
15 B. 12.2.1 Token Decode (tokdec) 

In the Token Decoder, tokens associated with coding 
standards, frame and block information and motion vectors 
are decoded. The information extracted from the stream xs 
stored in a set of registers which may also be accessed via 
20 the upi. The detection of a DATA token header is signalled 
to subsequent blocks to enable block counting and address 
generation. Nothing happens when running JPEG. 
List of tokens decoded: 
CODING_STANDARD 

2 5 * ' DATA 
DEFINE J4AX_SAMPLING 
DEFINE_SAMPLING 
HORIZONTALJ4BS 
MVD_BACKWARDS 

3 0 * MVD_FORWARDS 
PICTURE_START 
PICTUREJTYPE 
PREDICTION_MODE 

This block also combines information from the request 
3 5 generators to control the toggling of the frame pointers 
and to stall the input stream. The stream is stalled when 
a new frame appears at the input (in the form of a 



PICTUR£_5TART token) but the writeback or reorder read 
associated with the previous frame is incomplete. 
B.12.2.2 Macroblock Counter (mblJtcntr) 

The macroblock counter of the present invention consists 
5 of four basic counters which point to the horizontal and 
vertical position of the macroblock in the frame and to the 
horizontal and vertical position of the block within the 
macroblock. - At the beginning of time, and on each 
PICTURE_START, all counters are reset to zero. As DATA 

10 Token headers arrive, the counters increment and reset 
according to the color component number in the token header 
and the frame structure. This frame structure is described 
by the sampling registers in the token decoder. 

For a given color component, the counting proceeds as 

15 follows. The horizontal block count is incremented on each 
new DATA Token of the same component until it reaches the 
width of the macroblock, and then it resets. The vertical 
block count is incremented by this reset until it reaches 
the height of the macroblock, and then it resets. When 

2 0 this happens, the next color component is expected. Hence, 
this sequence is repeated for each of the components in the 
macroblock - the horizontal and vertical size of the 
macroblock, possibly being different for each component. 
If, for any component, fewer blocks are received than are 

2 5* expected, the count will still proceed to the next 

component without error. 

When the color component of the DATA Token is less than 
the expected value, the horizontal macroblock count is 
incremented. (Note that this will also occur when more 

3 0 than the expected number of blocks appear for a given color 

component, as the counters will then be expecting a higher 
component index.) This horizontal count is reset when the 
count reaches the picture width in macroblocks. This reset 
increments the vertical macroblock count. 
35 There is a further ability to count macroblocks in H.261 

CIF format. In this case, there is an extra level 
hierarchy between macroblocks and the picture called the 
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group of blocks* This is eleven macroblocks wide and three 
deep, and a picture is always two groups wide. The token 
decoder extracts the CIF bit from the PICTUREJTYPE token 
and passes this to the macroblock counter to instruct it to 
5 count groups of blocks . Instances of too few or too many 
blocks per component will provoke similar reactions as 
above . 

B.12.2.3 Block Calculation (blkcalc) 

The Block calculation converts the macroblock and block- 
10 within-macroblock coordinates into" coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This, of course, has to take into 
account the sampling ratios of the different color 
components. 

15 B. 12.2.4 Base block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 
20 number of blocks down times the width of the picture plus 
the number of blocks long. This is added to the color 
component offset to form the base block address. 
B. 12.2.5 Vector Offset <vec_pipe) 

The motion vector information presented by the token 

2 5 decoder is in the form of horizontal and vertical pixel 

offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half-pixels from the block being formed to 
the block from which it is being predicted. Note that 
30 these coordinates may be positive or negative. They are 
first scaled according to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 145, the shaded area represents the block that 

3 5 is being formed. The dotted outline is the block from 

which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 



block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel offset - 
the position of the prediction block origin within that 
DRAM block. As the DRAM block is 8x8 bytes, the pixel 
5 offset looks to be (7,2). 

The multiplier array vmarrla then converts the block 
vector offset into a linear vector offset. The pixel 
information is passed to the prediction request generator 
as an (x,y) coordinate (pix_info) . 

10 B.12.2.6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the DRAM (Inblkad3) . If the pixel offset is zero, 
only one request is generated. If there is an offset in 

15 either the x OR y dimension, then two requests are 
generated - the original block address and the one either 
immediately to the right or immediately below. With an 
offset in both x and y, four requests are generated. 

Synchronization between the chip clock regime and the 

20 DRAM interface clock regime takes place between the first 
addition (Inblkad3) and the state machine that generates 
the appropriate requests. Thus, the state machine 
(psgstate) is clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 

25 chain. 

B, 12.2.7 Reorder Read Requests and Write Requests 

As there is no pixel offset involved here, each address 
is formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 

30 as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
address. (This is because the read/write data interacts 

35 with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 
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B. 12.2 ,8 Offsets 

The DRAM is configured as two frame stores, each of which 
contains up to three color components • The frame store 
pointers and the color component offsets within each frame 
must be programmed via the upi. 
B.12.2.9 Snoopers 

In the present invention, snoopers are positioned as 
follows: 

* Between blkcalc and bsblkadr - this interface comprises 
the horizontal and vertical block coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component) • 

After bsblkadr - the base block address ♦ 
•After vec_pipe - the linear block offset, the 
pixel offset within the block, together with 
information on the prediction mode, color component 
and H.261 operation. 

After Inblkad3 - the physical block address, as 
described under "Prediction Requests"* 

Super snoopers are located in the reorder read and write 
request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12. 2. 10 Scan 

The addrgen block has its own scan chain, the clocking of 
which is controlled by the block's own clock generator 
(adclkgen) . Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.12.3 ♦•Prediction Filters 

The overall structure of the Prediction Filters, in 
accordance with the present invention, is shown in Figure 
14 6. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h261_on 
input of the backward filter should be permanently low 
because H.2 61 streams do not contain backward predictions) . 
The entire Prediction Filters block is composed of 
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pipelines of two-wire interface stages. 
B. 12.3.1 x Prediction Filter 

Each Prediction Filter acts completely independently of 
the other , processing data as soon as valid data appears at 
its input. It can be seen from Figure 147 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H.261 being the more complex, is described 
first. 

B. 12. 3. 1.1 H.2 61 Operation 

The one-dimensional filter equation used is as follows: 

F. = x.(otherwise) 

This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 
Filter. The mechanism by which this is achieved is 
illustrated in Figure 148 , which is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row, registers A and C are 
reset and the data passes unaltered through registers B, D 
and F (the contents of B and D being added to zero) . The 
control of Bx2mux is set so that the output of register B 
is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 
Thus, all values are multiplied by 4 (more of this later) . 
For all other pixels, x,^ is loaded into register C, x t into 
register B and x,., into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 
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horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently. The control and the counting 
of the pixels within a row is performed by the control 
5 logic associated with each 1-D filter. It should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B. 12.4. 2) after both 
horizontal and vertical filtering has been performed, so 

10 that arithmetic accuracy is not lost/ Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h2 61_on and last_byte. 

Of the other blocks found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 

15 presented to the x-filter in the correct order* It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input of 
register C, the second to register B and the third to 
register A. 

2 0 Between the x and y filters, the Dimension Buffer buffers 

data so that groups of three vertical pixels are presented 
to the y-filter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters. Referring to Figure 149, 

2 5 the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B.12.1. 



Table B.12.1: h.2 61 Dimension Buffer Sequence 

Least row of pixels from previous block or invalid 
data if there was no previous block (or if there 
was 

a long gap between blocks.) 

F(x) indicates the function in H.261 filter 
equation. 
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Bt»f?tlr? KPgQ Operation 

During MPEG operation, a Prediction Filter performs a 
simple half pel interpolation: 

F. = (0</<3,halfpg0 

F { = x.(0 </<7,integerp*/) 



This is the default filter operation unless the h261_on 
input is low. If the signal dim into a 1-D filter is low 
then integer pel interpolation will be performed. 
Accordingly , if h2 61_on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
a l-D filter is high, the rows (or columns) will be 8 
pixels wide (or high). This is summarized in Table B.12.2. 
Referring to Figure 148, "l-D Prediction Filter,", the 
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operation of the 1-D filter is the same for MPEG inter pel 
as it is for the first and last pixels in a row in H.261. 
For MPEG half-pel operation, register A is permanently 
reset and the output of register C is shifted left by l 
5 (the output of register B is always shifted left by l 
anyway) . Thus, after a couple of clocks register F 
contains (2B +2C) , four times the required result, but this 
is taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 

10 y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 

15 one row. It is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because ft the filtering operation converts 9-pixel rows 
into 8-pixel rows. "Lost" pixels are replaced by gaps in 
the data stream. When performing half-pel interpolation, 

20 the x-filter inserts a gap at the end of each row (after 
every 8 pixels) ; the y-filter inserts 8 gaps at the end of 
the block. This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 

2 5 out of the FIFO, This minimizes the worst-case throughput 
of the chip which occurs when 9x9 blocks are being 
filtered. 

B.12.3.2 The Prediction Filters Adder. 

During MPEG operation, predictions may be formed using an 
30 earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 

Prediction Filters Adder (pfadd) is to determine which 
35 filtered prediction values are being used (forward, 
backward or both) and either pass through the forward or 
backward filtered predictions or the average of the two 
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(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_lst_byte and/ or bwd_lst_byte 
signals are active, indicating the last byte of the current 
5 prediction block. If the current block is a forward 
prediction then only fwd_lst_byte is examined. If it is a 
backward prediction then only bwd_lst_byte is examined. If 
it is a bidirectional prediction, then both fwd_lst_byte 
and bwd_lst_byte are examined. 

10 The signals fwd_on and bwd_on determine which prediction 

values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 

15 active. 

Two criteria are used to determine the prediction mode 
for the next block: the signals fwd_ima_twin and 
bwd_ima_tvin, which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 

2 0 buses f wd_p_num[ 1 : 0 ] and bwd_p_num[ 1 : 0 ] . These buses 

contain numbers which increment by one for each new 
prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 

25 prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 

30 predictions can get out of sequence at the input of the 
Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)If valid forward data is present and 
fwd_ima_twin is high, then the block stalls until 

3 5 valid backward data arrives with bwd_ima_twin 

set and then it goes through the blocks averaging 
each pair* of prediction values. 
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2) If valid backward data is present and 
bwd_ima_twin is high, then the block stalls until 
valid forward data arrives with fwd_ima_twin set 
and then it proceeds as above. If forward and 

5 backward data are valid together, there is no 

stall. 

3) If valid forward data is present, but 

f wd_ima_twin is not set, then fwd_p_num is 
examined. If this equals the number from the 
10 previous prediction plus one (stored in 

pred_num) then the prediction mode is set to 
forward . 

4) If valid backward data is present but 
bwd_ima_twin is not set, then bwd_p_num is 

15 examined. If this equals the number from the 

previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward . 

Note that "early_valid ,f signals from one stage back in 
20 the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline. 

The ima_twin and pred_num signals are not passed along 
25 the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_lst_byte and/or bwd_lst_byte are valid. 
This saves about 25 three-bit pipeline stages in 

30 each prediction filter. 

2) The signals remain valid throughout a block 
and, therefore, are valid at the time when 

f wd_lst_byte 

and/or bwd_lst_byte reach the Prediction Filters 
3 5 Adder. 

3) The signals are examined a clock before data 
arrives anyway. 



fi.12.4 Prediction Adder and FIFO 

The prediction adder (padder) "forms the predicted frame 
by adding the data from the prediction filters to the error 
data. To compensate for the delay from the input through 
5 the address generator, DRAM interface and prediction 
filters, the error data passes through a 256 word FIFO 
(sfifo) before reaching padder. 

The CO D INGEST AND ARD , PR£DICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 
□ 10 formed. The 3-bit prediction data is added to the 9-bit 

two's complement error data in the DATA Token. The result 
v| is restricted to the range 0 to 255 and passes to the next 

Nl block. Note that this data restriction also applies to all 

v# intra-coded data, including JPEG. 

al 15 The prediction adder of the present invention also 

* includes a mechanism to detect mismatches in the data 

arriving from the FIFO and the prediction filters. In 

theory, the amount of data from the filters should exactly 
**f correspond to the number of DATA Tokens from the FIFO which 

y. ; 20 involve prediction. In the event of a serious malfunction, 

however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 

marked, respectively, by the in_extn and fl_last inputs. 

Where the end of the filter data is detected before the end 

2 5 of the DATA Token , the remainder of the token continues to 

the output unchanged- If, on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded, 

3 0 There is no snooper in either the FIFO or the prediction 

adder, as the chip can -be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port. 
B.12.5 write and Read Rudders 
3 5 12.5.X The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 
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data blocks in I or P pictures in MPEG, and all data blocks 
in H.261 to the DRAM interface so that they can be written 
back into the external frame stores under the control of 
the Address Generator. All the primary functionality is 
contained within one two-wire interface stage, although the 
write-back data passes through a snooper on its way to the 
DRAM interface. 

The Write -Rudder decodes the following tokens: 



7okert Name 


Function in Wme fluddef 


CODiNG.STANDARO 


Wnte-oack is inhibited for J?£G streams. 


PICTUREJTYPE 


Write- bac* only occurs in 1 and P frames, not 3 frames. 


DATA 


On*y tM data within DATA tokens is wnrten back. 



ToJcens Decoded by the Write Rudder 



After the DATA Token header has been detected, all data 
bytes are output to the DRAM Interface, The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush signal to be sent to the DRAM Interface swing 
buffer. In normal operation, this will align with the 
point when the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is likely that the next 
few output pictures would be incorrect) . 
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B. 12.5.2 The Read Rudder <r rudder) 

The Read Rudder of the present invention has three 
functions, the two major ones relating to picture sequence 
reordering in MPEG: 

1) To insert data which has been read-back from 
the external frame store into the token stream 
at the correct places* 

2) To reorder picture header information in I 
and P pictures. 

3) To detect the end of a token stream by 
detecting the FLUSH token (see Section B,12.1, 
"Top Fork" ) . 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard two- 
wire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 



Token Nam* 


Porccon in Read Rudder 


FLUSH 


Signals to Too Fork. 


CODING.STANDARD ' 


Reordering t$ tnhibired if the coding standard lS not MP £-3. 


S£QUENCE_START 


The read-back data for me first picture of a reordered secuerce is :r.va»d 


PiCTURE.START 


Signals that Tie current cutout FIFO must be swacceo (i or ? p:c:*jresj 
The first of the e<cture header tokens. 


PICTURE.END 


Aft tokens above the pcture layer are allowed through 


TEMPORTAL.REFERENCE 


The second of the otcture header tokens. 


PfCTURE_TYPE 


The tmrd of the picture header tokens. 


DATA 


When reordermg, the contents of DATA tc<ers are reracs: 
reordered da:a. 



Table B.12.4 Tokens decoded by the Read Ruddar 



The reorder function is turned on via the Microprocessor 
Interface, but is inhibited if the coding standard is not 
MPEG , regardless of the state of the register. The same 
MPI register controls whether the Address Generator 
5 generates a reorder address and thus, reorder is an output 
from this block. To understand how the Read Rudder works, 
consider the input and output control logic separately, 
bearing in mind that the sequence of tokens is as follows: 

* CODING_STANDARD 
3 10 - SEQU£NCE_START 

• PICTURE_START 

U • TEMPORAL_REFERENCE 

% . picTUREJTYPE 

ff% -Picture containing DATA Tokens and other tokens 

W 15 - PICTURE_END 

p - PICTURE_START 

S2 B. 12 « 5.2*1 Input Control Logic 

y :: 20 From the power-up, all tokens pass into FIFO 1 {called 

the current input FIFO) until the first PICTUREJTYPE token 
for an I or P picture is encountered* FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTUREJTYPE for an I or P picture is 

2 5 encountered and FIFO 1 becomes the current input FIFO 

again. Within I and P pictures, all tokens between 
PICTUREJTYPE and PICTURE_END, except DATA Tokens, are 
discarded. This is to prevent motion vectors, etc. from 
being associated with the wrong pictures in the reordered 
30 stream, where they would have no meaning. 

A three-bit code is 'put into the FIFO, along with the 
token stream, to indicate the presence of certain token 
headers. This saves having to perform token decoding on 
the output of the FIFOs* 

3 5 B.12.S.2.2 Output Control Logic 

From the power-up, tokens are accepted from FIFO 1 
(called the current output FIFO) until a picture start code 



is encountered, after which FIFO 2 becomes the current 
output FIFO. Referring back to Section B. 12.5.2.1, it can 
be seen that at this stage the three picture header tokens, 
PICTURE_START, TEMPORAL^ REFERENCE and PICTURE_START are 
5 retained in FIFO l. The current output FIFO is swapped 
every time a picture start code is' encountered in an I or 
P frame. Accordingly, the three picture header tokens are 
stored until .the next I or P frame, at which time they will 
become associated with the correctly reordered data. B 

10 pictures are not reordered and, hence, pass through without 
any tokens being discarded. All tokens in the first 
picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 
Tokens in the token stream is replaced by reordered data 

15 from the DRAM Interface. During the first picture, 
"reordered" data is still present at the reordered data 
input because the Address Generator still requests the DRAM 
Interface to fetch it. This is considered garbage and is 
d iscarded . 
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SECTIONS. 13 The DRAM Interface 
B.13.1 Overview 

In the present: invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
5 block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator . 

10 The DRAM Interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 

This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM * A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

25 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 

3 0 DRAM and the fourth to read tokeni2ed data from the DRAM . 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read Intra or Predicted data from the DRAM and the 

35 other two to read forward and backward prediction data. In 
the Video Formatter, one swing buffer is used to transfer 
data to the DRAM and the other three are used to read data 
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from the DRAM, one of each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb respectively) ♦ 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document. 
The following section describes the features peculiar to 
the Temporal Decoder, 

8.13.2 The Temporal Decoder DRAM Interface 

As mentioned in section B.13.1, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 
Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 
motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figures 151 and 25, 
where the shaded area represents the block that is being 
formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks) , as shown by the big arrow, and 
a pixel offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be fetched from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 
are generated - the original block address and the one 
either immediately to the right or immediately below, with 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 
and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 
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Consider a pixel offset of (l, 1), as illustrated by the 
shaded area in Fig. 152 and Fig* 26. The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
5 sequence of row addresses quickly. The solution is to use 
"start/stop" technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 
10 DRAM Interface) . The x value in the- coordinate pair forms 
the three LSBs of the address, the y value the three MSBs. 
The x and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
15 reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 
2 0 reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23, 25, 31, 33, 

57, 63 is generated. 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 
25 (0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 
30 so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 
35 Consider block A. At the start of reading, the swing 

buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the x inverse stop value forming the 3 LSBs. In this case, 
while the DRAM Interface is reading address 9 in the 
external DRAM, the swing buffer address is zero. The swing 
buffer address register is then incremented as the external 
5 DRAM address register is incremented, as illustrated in 
Table B. 13 . 1 : 

Table B.13,1 Illustration of Prediction Addressing 
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The discussion thus far has centered on an 8 bit DRAM 
Interface. In the case of a 16 or 32 bit interface, a few 

10 minor modifications must be made. First, the pixel offset 
vector must be "clipped 11 so that it points to a 16 or 32 
bit boundary. In the example we have been using, for block 
A, the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Next, the unwanted 

15 data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
physically bigger than was necessary in the 8 bit case) and 
reading with an offset. When performing MPEG half-pel 
interpolation, 9 bytes in x and/or y must be read from the 

20 DRAM Interface. In this case, the address generator 
provides the appropriate start and stop addresses and some 
additional logic* in the DRAM Interface is used, but there 



i» no fundamental change in the way the DRAM Interface 
operates. 

The final point to note about the Temporal Decoder DRAM 
interface is that additional information must be provided 
to the prediction filters to indicate what processing is 
required on the data. This consists of the following: 
a "last byte- signal indicating the last byte of a 

transfer (of 64, 72 or 81 bytes) 

• an H. 261 flag 

•a bidirectional prediction flag 

•two bits to indicate the block's dimensions (8 or 9 
bytes in x and y) 

• a two bit number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 

out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
Interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 



SECTION B,14 UPI Documentation 
B. 14 . 1 Introduction 

This document is intended to give the reader an 
appreciation of the operation of the microprocessor 
interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
internal logic. The relevant schematics are; 

UPI 

UPI101 

UPI102 

DINLOGIC 

DINCELL 

UP IN 

TDET 

NONOVRLP 
WRTGEN 
READGEN 
VREFCKT 

The circuits UPI, UPI101, UPI102 are all the same except 
that the UPI01 has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
address input. 

I npu t / Output S i ana 1 s 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
these signals: 
* NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

ElInputEnable signal l, active low, from the Pad 
Input Driver (Schmitt) . 

£2 InputEnable signal 2, active low, from the Pad 
Input Driver (Schmitt) . 

RNOTWInputRead not Write signal from the Pad Input 



Driver (Schmitt) . 

ADDRIN[ 7 : o ] inputAddress bus signals from the Pad 
Input Drivers (Schmitt) . 

NOTDIN[7:0]Inputinput data bus from the Input Pad 
Drivers of the Bi-directional Microprocessor Data 
pins (TTLin) . 

I NT_RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map). 
INT_ADDR[7 : 0]OutputThe Internal Address Bus to all 
the circuits being accessed by the microprocessor 
interface (See memory map)* 

INTDBUS [7:0) Input / OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
(See the memory map) and also the microprocessor data 
output pads* The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutputAn is an internal timing signal which 
indicates a read of a location in the device memory map. 

WRITE_STROutputAn is an internal signal which indicates 
a write of a location in the internal memory map. 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 

General Comments : 

The UPI schematic consists of 6 smaller modules: 
NONOVRLP, UPIN, DINLOGIC, VREFCKT, READGEN, WRTGEN. It 
should be noted from the overall list of signals that there 
are no clock signals associated with the microprocessor 
interface other than the microprocessor bus timing signals 
which are asynchronous . to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 
external control. For example, stopping of the System 
clock externally while accessing the microprocessor 
interface on a test system. 
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The other implication of not having a clock in the UPI is 
that some internal timing is self timed. That is, the 
delay of some signals is controlled internally to the UPI 
block . 

5 The overall function of the UPI is to take the address, 

data and enable and read/write signals from the outside 
world and format them so that they can drive the internal 
circuits correctly. The internal signals that define 
access to the memory map are INT_RNOTW_INT_ADDR[ ♦ . . } , 

10 INTDBUS[-.-] and READ_STR and WRITE_STR. The timing 
relationship of these signals is shown below for a read 
cycle and a write cycle. It should be noted that although 
the datasheet definition and the following diagram always 
shows a chip enable cycle, the circuit operation is such 

15 that the enable can be held low and the address can be 
cycled to do successive read or write operations. This 
function is possible because of the address transition 
circuits * 

Also, the presence of the INT_RNOTW and the R£AD_STR, 
20 WRITE_STR does reflect some redundancy. It allows internal 
circuits to use either a separate READ_STR and WRITE_STR 
(and ignore INT_RN0TW) or to use the INT_RNOTW and a 
separate Strobe signal (Strobe signal being derived from OR 
of READ_STR and WRITE_STR) . 

2 5 The internal databus is precharged High during a read 

cycle and it also has resistive pullups so that for 
extended periods when the internal data bus is not driven 
it will default to the OXFF condition. As the internal 
databus is the inverse of the data on the pins, this 

3 0 translates to 0x00 on the external pins, when they are 

enabled. This means that, if any external cycle accesses 
a register or a bit of a register which is a hole in the 
memory map, then the output data id determinate and is Low. 
Circuit Details : 
35 UPIN - 

This circuit is the overall change detect block. It 
contains a sub-circuit called TDET which is a single bit 



change detect circuit, UPIN has a TDET module for each 
address bit and rnotw and for each enable signal, UPIN 
also contains some combinatorial logic to gate together the 
outputs of the change detect circuits. This gating 
5 generates the signals: 

THAN- which indicates a transition on one of the 
input signals, and 

UPD-DONE- which indicates that transitions have been 
completed and a cycle can be performed. 
10 CHIP_EN- which indicates that the chip has been selected. 

D TDET - 

jH; This is the single bit change detect circuit. It 

Si consists of a 2 latches, and 2 exclusive OR gates. The 

M first latch is clocked by the signal SAMPLE and the second 

^J; 15 by the signal UPDATE . These two non-overlapping signals 

Uj come from the module NONOVRLP . The general operation is 

* such that an input transition causes a CHANCE which, m 

jp;:. turn, causes a SAMPLE . All input changes while SAMPLE is 

N=: high are accepted and when input changes cease then CHANGE 

W 2 0 goes low and SAMPLE goes low which causes UPDATE to go high 

y, which then transfers data to the output latch and indicates 

UPD_DONE* 
XOXOVRLP- 

This circuit is basically a non-overlapping clock 
25 generator which inputs TRAN and generates SAMPLE and 
UPDATE. The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed . 

DINLOGIC- 

30 This module consists of eight instances of the data input 

circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read_str is high. 

3 5 DINCELL- 

This circuit consists of the data input latch and a 
tristate driver *to drive the internal databus. Data from 



the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
5 transistor and the bus pullup are also included in this 
module. 
WRTGEN- 

This module generates the WRITE_STR, and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 

10 timed signal, however, the self time delay is defined in 
the VREFCKT. The output from the timing circuit RESETWRITE 
is used to terminate the WRITE_STR signal. It should be 
noted that the actual write pulse which writes a register 
only occurs after an access cycle is concluded. This is 

15 because the data input to the chip is sampled only on the 
back edge of the cycle. Hence, data is only valid after a 
normal access cycle has concluded. 
READGEN- 

This circuit, as its name suggests, generates the 
20 READ_STR and it also generates the PRECH signal which is 
used to precharge the internal databus. The PRECH signal 
is also a self timed signal whose period is dependant on 
VREFCKT and also on the voltage on the internal databus. 
The READ_5TR is not self timed, but lasts from the end of 

2 5 the precharge period until the end of the cycle. The 

precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 

3 0 precharged before a READ_STR begins. In order to stop a 

PRECH pulse tending to zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD. 
VREFCKT- 

3 5 The VREFCKT is the only circuit which controls the self 

timing of the interface. Both the delays, 1/Width of 
WRITE_STR and 2/Width of PRECH, are controlled by a current 
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through a P transistor. The gate on this P transistor is 
controlled by a signal VREF and' this voltage is set by a 
diffusion resistor of 25K ohm. 
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SECTION C.l Overview 
C« 1 • 1 • Introduction 

The structure of the image Formatter, in accordance with 
the present invention, is shown in Figure 155. There are 
5 two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion ^nd gamma correction, 

10 and a final control block which regulates the output of the 
processing pipeline. 
C.X.2 Buffer manager 

Tokens arriving at the input to the Image Formatter are 
buffered in the FIFO and then transferred into the buffer 

15 manager. This block detects the arrival of new pictures 
and determines the availability of a buffer in which to 
store each picture. If there is a buffer available, it is 
allocated to the arriving picture and its index is 
transferred to the write address generator. If there is no 

2 0 buffer available, the incoming picture will be stalled 

until one becomes available. All tokens are passed on to 
the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 
25 buffer manager for a new display buffer index. If there is 
a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator. If not, the 
buffer manager sends the index of the last buffer to be 

3 0 displayed. At start-up, zero is passed as the index until 

the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 
35 (presentation number) given the encoding frame rate. The 
expected number is determined by counting picture clock 



pulses, where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g., 2-3 pull-down). 

External DRAM is used for the buffers, which can be 
either two or three in number. Three are necessary if 
frame-rate conversion is to be effected. 
C.1.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 
Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
DRAM interface where it is written into a swing buffer. 
Note that DRAM addresses are block addresses, and pictures 
in the DRAM or organized as rasters of blocks. Incoming 
picture data, however, is actually organized sequences of 
macroblocks, so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 

The arrival buffer index provided by the buffer manager 
is used as an address offset for the whole of the picture 
being stored. Furthermore, each component is stored in a 
separate area within the specified buffer, so component 
offsets are also used in the calculation. 
c.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. In 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 
index from the buffer manager. Having received an index, 
it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 
synchronization (to an interlaced display) . At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 
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Of the three components that, are compatible with the page 
structure of the DRAM. The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts. 
5 CI. 5 Output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 
10 ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
~~~4 output interface may hold the streams at this point until 

f*l the display has reached an HSYSC. Thereafter, output 

yj. controller directs the three components into one, two or 

^ 15 three 8-bit buses, multiplexing as necessary* 

Cl.6 Timing Regimes 
G There are basically two principal timing regimes 

^ associated with the Image Formatter. First, there is a 

system clock, which provides timing for the front end of 
N :: 20 the chip (address generators and buffer manager, plus the 

front end of the DRAM interface). Second, there is a pixel 
clock which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline) . 
Each of the two aforementioned clocks drives a number of 
25 on-chip clock generators. The FIFO , buffer manager and 
read address generator operate from the same clock (D*) 
with the write address generator using a similar, but 
separate clock (W4) . Data is clocked into the DRAM 
interface on an internal DRAM interface clock, (out$) . D*, 
30 w* and out* are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock. 

Data is read out of the DRAM interface on bifR*, and is 
transferred to the section of the output pipeline named 
25 H bushy_ne" (north-east - by virtue of its physical 
location) which operates on clocks denoted by NE* . The 
section of the pipeline from the gamma RAMs onward is 



clocked on a separate, but similar, clock (R* ) . bifR*, NE* 
and R* are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces between blocks 
have either snoopers or super-snoopers attached. This 
depends on the timing regimes and the type of access 
required. Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 
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SECTION C2 Buffer Management 

C . 2 . X . Introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
5 generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
^ three principal factors, each representing the effect of 

one of the timing regimes in operation. These are the rate 
10 at which picture data arrives at the input to Image 
C| Formatter (coded data rate) , the rate at which data is 

fit displayed (display data rate) , and the frame rate of the 

ft encoded video sequence (presentation rate) ♦ 

T C.2*2 Functional Overview 

H 4 15 ^ three-buffer system allows the presentation rate and 

:J * the display rate to differ (e.g., 2-3 pulldown), so that 

Cp frames are either repeated or skipped as necessary to 

achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 

20 some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up M . In a two- 
buffer system, the three timing regimes must be locked - it 

25 is the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 

30 full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 

35 is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to which incoming data will 
be written) is allocated every time a PICTURE_START token 
is detected at the input. This buffer is then flagged as 
WJJSZ. On PICTURE^END, the arrival buffer will be de- 
5 allocated (reset to zero) and the' buffer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. If 
10 there is a buffer flagged as READY , then that will be 
%|. allocated to display by the buffer manager. If there is no 

READY buffer, the previously displayed buffer will be 
pi repeated. 

fl| Each time the presentation number changes, it is detected 

*M 15 and every buffer containing a complete picture is tested 

y : for READY-ness by examining the relationship between its 

Q picture number and the presentation number. Buffers are 

^;, v considered in turn. When any of the buffers are deemed to 

2 be READY , this automatically cancels the READY-ness of any 

20 buffer which was previously flagged as READY. The previous 
buffer is then flagged as EMPTY. This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later. 

TEMPORAL_REFERENCE tokens in H.261 cause a buffer's 
25 picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 
envisioned, is not currently included, however. Similarly, 
TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A FLUSH token causes the input to stall until every 
30 buffer is either EMPTY, or has been allocated as the display 
buffer. Thereafter, presentation number and picture number 
are reset and a new seguence can commence. 
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C. 2 • 3 Architecture 

C. 2 • 3 • 1 Interfaces 

C.2.3.1.1. Interface to bm front 

All data is input to the buffer manager from the input 
5 FIFO, bm_front. This transfer takes place via a two-wire 
interface, the data being S bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
10 buffer requests in the event of significant gaps in the 
data upstream. 

C. 2. 3.1«2 Interface to vaddraen 

Tokens (3 bit data, 1 bit extension) are transferred to 
the write address generator via a two-wire interface. The 

15 arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTUR£_START 
token arrives at waddrgen. 
C. 2 .3.1.3 Interface to dispaddr 

20 The interface to the read address generator comprises two 

separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 

2 5 The sequence of events normally associated with the 

dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 

30 state machine, it will accept the request and go about 
allocating a buffer to be displayed. Thereafter, the 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 

35 associated with this last two-wire interface (rst_fld) 
which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C.2.3.1.4 M icroprocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 
c. 2. 3. 1.5 Events 

The buffer manager is capable of producing two different 
events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PICTURE START 
extension byte (picture index) matches the value written 
into the BU_BM_TARGET_IX register at setup. The second 
event occurs when a display buffer is allocated and its 
picture number is less than the current presentation 
number, i.e., the processing in the system pipeline up to 
the buffer manager has not managed to keep up with the 
presentation requirements . 
C. 2. 3. 1.6 Picture clock 

In the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or ■ taken from an external source 
(normally the display system). The buffer manager accepts 
both of these signals and selects one based on the value of 
pclk_ext (a bit in the buffer manager's control register). 
This signal also acts as the enable for the pad picoutpad, 
so that if the Image Formatter is generating its own 
picture clock, this signal is also available as an output 
from the chip. 
C.2.3.2. Major Blocks 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 
C. 2 ,3. 2.1 input /Output block (bm input) 

This module contains all of the hardware associated with 
the four two-wire interfaces of the buffer manager (input 
and output data, drq_valid/accept and disp_valid/ accept ) . 
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The input data register is shown, together with some token 
decoding hardware attached thereto. The signal vheader at 
the input to bm_tokdec is used to ensure that the token 
decoder outputs can only be asserted at a point where a 
5 header would be valid (i.e., not in the middle of a token. 
The rtimd block acts as the output data registers, adjacent 
to the duplicate input data registers for the next block in 
the pipeline. This accounts for timing differences due to 
different clock generators. Signals go and ngo are based 

10 on the AND of data valid, accept and not stopped, and are 
used elsewhere in the state machine to indicate if things 
are "bunged up" at either the input or the output. 

The display index part of this module comprises the two- 
wire interfaces together with equivalent "go" signals as 

15 for data. The rst__fld bit also happens here, this being a 
signal which, if set, remains high until disp_valid has 
been high for one cycle. Thereafter, it is reset. In 
addition, rst_fld is reset after a FLUSH token has caused 
all of the external buffers to be flagged either as EMPTY 

20 or IN_USE by the display buffer. This is the same point at 
which both picture numbers and presentation number are 
reset . 

There is a small amount of additional circuitry 
associated with the input data register which appears at 

2 5 the next level up the hierarchy. This circuitry produces 

a signal which indicates that the input data register 
contains a value equal to that written into BU_BM_TARGIX 
and it is used for event generation. 
c.2.3.2.2 index block fbm index) 

3 0 The Index block consists mainly of the 2-bit registers 

denoting the various strategic buffer indices. These are 
arr_buf , the buffer to which arriving picture data is being 
written, disp — buf, the buffer from which picture data is 
being read for display, and rdy_buf, the index of the 
35 buffer containing the most up to date picture which could 
be displayed if a buffer was requested by dispaddr. There 
is also a register containing buf_ix, which is used as a 
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general pointer to a buffer. This register gets 

incremented ("D" input to mux) to cycle through the buffers 
examining their status, or which gets assigned the value of 
one of arr^buf, disp_buf or rdy_buf when the status needs 
5 changing. All of these registers (phO versions) are 
accessible from the microprocessor as part of the test 
address space, 01d_ix is just a re-timed version of buf_ix 
and is used for enabling buffer status and picture number 
registers in the bm_stus block. Both buf_ix and old_ix are 

10 decoded into three signals (each can hold the value 1 to 3) 
which are output from this block. Other outputs indicate 
whether buf_ix has the same value as either arr_buf or 
disp_buf, and whether either of rdy_buf and disp_buf have 
the value zero. Zero is not a reference to a buffer. It 

15 merely indicates that there is no arrival/display/ready 
buffer currently allocated. 

Arr_buf and disp_buf are enabled by their respective two- 
wire interface output accept registers. 

Additional circuitry at the bmlogic level is used to 

20 determine if the current buffer index (buf_ix) is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. A "1" in the control 
register indicates a three-buffer system, and a "0" 
indicates a two-buffer system. 

2 5 c.2.3.2,3 Buffer Status 

The main components in the buffer status are status and 
picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
slaves are the banks of three registers, and the master is 

30 a single register whose output is directed to one of the 
slaves (switched, using register enables, by old_ix) . One 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level) . Buffer status, which is decoded at the 

35 bmlogic level, for use in the state machine logic can take 
any of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 



586 



or the previous value incremented by one (or one plus 
delta, the difference between actual and expected temporal 
reference, in the case of H.261). This value is supplied 
by the 8 -bit adder present in the block. The first input 
to this adder is this_pnum, the picture number of the data 
currently being written. 



Suffer Status 


Value 


EMPTY 


00 


FUU 


01 


READY 


.10 


IN.USE 


11 



Table c.z.i Buffer Status Values 

This needs to be stored separately (in its own master-slave 
arrangement) so that any of the three buffer picture number 
registers can be easily updated based on the current (or 
previous) picture number rather than on their own previous 
picture number (which is almost always out of date) . 
This_pnum is reset to -1 so that- when the first picture 
arrives it is added to the output from the adder and, 
hence, the input to the first buffer picture number 
register, is zero. 

Note that in the current version, delta is connected to 
2ero because of the absence of the temporal reference block 
which should supply the value. 
C.2.3.2.4 Presentation Kumber 

The 8-bit presentation number register has an associated 
presentation flag which is used in the state machine to 
indicate that the presentation number has changed since it 
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was last examined. This is necessary because the picture 
clock is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number* The rest of the circuitry in this 
5 block is concerned with detecting that a picture clock 
pulse has occurred and " remember ing" this fact. In this 
way, the presentation number can be updated at a time when 
it is valid to do so. A representative sequence of events 
is shown in Figure 156. The signal incr_prn goes active 
10 the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
fli en_prnum. The reason for only allowing presentation number 

to be updated during certain states is because it is used 
7 15 to drive a significant amount of logic, including a 

H standard-cell, not-very-fast 8-bit adder to provide the 

!*f signal rdyst. It must, therefore, be changed only during 

f|| states in which the subsequent state does not use the 

O result. 

2 0 C.2.3.2.5 Temporal Reference 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

2 5 The function of this block is to calculate delta, the 

difference between the temporal reference value received in 
a token in an H,261 data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 

3 0 tokens are ignored in all non-H.261 streams. The 

calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 
3 5 indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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In the invention, tr is reset to zero and loaded, when 
appropriate, from the input data register. Similarly, 
exptr is reset to -1, and is incremented by either 1 or 
delta during the sequence of temporal reference states. In 
5 addition, delta is reset to zero and is loaded with the 
difference between the other two registers. All three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
10 controlled by the signal delta_calc. 
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C. 2.3.2.6 Control Registers (bm ureqs) 

Control registers for the buffer manager reside in the 
block bm_uregs. These are the access bit register, setup 
register (defining the maximum number of external buffers, 
5 and internal /external picture clock) , and the target index 
register. The access bit is synchronized as expected. The 
signals stopd_0, stopd_l and nstopd_l are derived form the 
OR of the access bit and the two event stop bits. Upi 
address decoding for all of bmlogic is done by the block 

10 bm_udec, which takes the lower 4 bits of the upi data bus 
together with the 2 select signals from the Image Formatter 
top-level address decode, 
C« 2.3,2*7 Controlling State Machine 

The state machine logic originally occupied its own 

15 block, bm_state. For code generation reasons, however, it 
has now been flattened and resides on sheet 2 of the 
bmlogic schematic . 

The main sections of this logic are the same. This 
includes the decoding, the generation of logic signals for 

20 the control of other bmlogic blocks, and the new state 
encoding, including the flags from_ps and from_f 1 which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm_ stus and bm_index. 

25 Signals in the state machine hardware have been given 

simple alphabetic names for ease of typing and reference. 
They are all listed in Table C.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral M. description of bmlogic 

30 (bmlogic. M) . 
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Signal Name 


Logic Expression 


A 


ST_PRES1.presflg.(bstate==FULL).rdytst.(rdy==0).(ix==max) 


B 


ST_PRES1.presflg.(bstate==FULL).rdytst.(rdy==0).(ix!=max) 


C 


ST_PRES1.presfig.(bstate==FULL).rdytst.(rdy!=0) 


D 


ST_PRES1.presflgJ((bstate==FULL).rdytst).(ix==max) 


E 


ST_PRES1.presflg.!((bstate==FULL).rdytst).(ix!=max) 


F 


ST_PRES1.presfig 


G 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp!=0) 


PP 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp!=0).fromps 


QQ 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp!=0)iromfi 


RR 


ST_DRQ.drq_va!id.disp - acc.(rdy==0).(disp!=0).!(fromps+fromfl) 


H 


ST_DRQ a drq_valid.disp„acc.(rdy!=0).(disp!=0) 


1 


ST - .DRQ.drq_valid.disp_acc.(rdy!=O).(disp==0) 


J 


ST_DRQ.drq__valid.disp_acc.(rdy==0).(disp==0).fromps 


NN 


ST_DRQ.drq„valid.disp„acc.(rdy==0).(disp==0).fronnfl 


OO 


ST_DRQ.drq__valid.disp_acc.(rdy==0).(disp==0).!(fromps+fromfl) 


K 


ST_DRQ.!(drq_valid.disp_acc).fromps 


LL 


ST_DRQ.!(drq_valid.disp_acc).fromfi 


MM 


ST_DRQ.!(drq_valid.disp_acc).!(fromps+fromfl) 


L 


ST_TOKEN.ivr.oar.(idr==TEMPORAL_REFERENCE) 


SS 


ST_TOKEN.ivr.oar.(idr==TEMPORAL_REFERENCE).H261 


TT 


ST_TOKEN.ivr.oad.(idr==TEMPORAL_REFERENCE).!H261 


M 


ST_TOKEN.ivr.oar.(idr==FLUSH) 


N 


ST_TOKEN.ivr.oar.(idr==PICTURE_START) 


O 


ST„TOKEN.ivr.oar.(idr==PICTURE_END) 


P 


ST_TO KEN . ivr. oar. (idr==<OTH E R_TOKE N>) 


JJ 


ST„TOKEN.ivr.oar.(idr==<OTHER_TOKEN>).in_extn 


KK 


ST_TOKEN.ivr.oar.(idr==<OTHER_TOKEN>).!in_extn 


Q 


ST„TOKEN.!(ivr.oar) 



Table C.2.2 Signal Names Used in the State Machine 
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Signal Name 


Logic Expression 


Q 


ST PICTURE END nx==arr) irdvtst oar 


T 


ST_PICTURE M END.(ix==arr).rdytst.(rdy==0).oar 


u 


ST_PICTURE_END.(ix==arr).rdytst.(rdy!=0).oar 


w 


ST_PICTURE_END.!oar 


RorW 


ST_PICTURE_END.!((ix==arr).oar) 


V 


ST_TEMP_REFO.ivr.oar 


W 


STJ"EMP_REFO.!(ivr.oar) 


X 


ST_OUTPUT_TAILivroar 


FF 


STJDUTPUT_TAILivr.oar.!in_extn 


Y 


ST_OUTPUT_TAiL.!(ivr.oar) 


GG 


ST_OUTPUT_TAIL.!(ivr.oar).in_extn 


DD 


ST_FLUSH.(ix==max).((bstate==VAC)+((bstate==USE).(ix==disp)) 


z 


ST_FLUSH.(ix!=max).((bstate==VAC)+((bstate==USE).(ix==disp)) 


DDorEE 


!((bstate==VAC)+((bstate==USE).(ix==disp))+(ix==max) 


AA 


ST_ALLOC.(bstate==VAC).oar 


BB 


ST_ALLOC.(bstate!=VAC).(ix==max) 


CC 


ST_ALLOC.(bstate!=VAC).(ix!=max) 


UU 


ST_ALLOC.!oar 



Table C.2.2 Signal Names Used in the State Machine (contd) 



C. 2.3.2. 8 Monitoring Operation (bminfo) 

In the present invention, the module, bminfo, is included so that 
5 buffer status information, index values and presentation number can be 
observed during simulations. It is written in M and produces an output 
each time one of its inputs changes. 

C.2.3.3 Register Address Map 

The buffer manager's address space is split into two areas, user- 
10 accessible and test. There are, therefore, two separate enable wires 
derived from range decodes at the top-level. Table C.2.3 shows the user- 
accessible registers, and Table C.2.4 shows the contents of the test 
space. 
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Register Name 


Address 


Bits 


ResetState 


Function 


BU BM ACCESS 


0x10 


[0] 


1 


Access bit for buffer manager 


DU DlVI W 1 LU 


Dy1 i 

\JA 1 I 


[1] 

L i 


i 
i 

1 


Max buf isb* 1->3 buffers 0->2 
Externa! picture clock select 


BU_BM_TARGET_IX 


0x12 


[3:0] 


0x0 


For detecting arrival of picture 


BU_BM_PRESS_NUM 


0x13 


[7:0] 


0x00 


Presentation number 


BU_BM_THIS„PNUM 


0x14 


[7:0] 


OxFF 


Current picture number 


BU_BM_PICJMUM0 


0x15 


[7:0] 


none 


Picture number in buffer 1 


BU_BM_PIC_NUM1 


0x16 


[7:0] 


none 


Picture number in buffer 2 


BU_BM_PIC_NUM2 


0x17 


[7:0] 


none 


Picture number in buffer 3 


BLM3M_TEMP_REF 


0x18 


[4:0] 


0x00 


Temporal reference from stream 


Table C.2.3 User-Accessible Registers 


Register Name 


Address 


Bits 


Reset State 


Function 


BU_BM_PRES_FLAG 


0x80 


[0] 


0.00 


Presentation flag 


BU_BM_EXP_TR 


0x81 


[4:0] 


OxFF 


Expected temporal reference 


B U_B M_TR_D E LTA 


0x82 


[4:0] 


0x00 


Delta 


BU_BM_ARR_IX 


0x83 


[1:0] 


0x0 


Arrival buffer index 


BU_BM„DSP_IX 


0x84 


[1:0] 


0x0 


Display buffer index 


BU_BM_RDYJX 


0x85 


[1:0] 


0x0 


Ready buffer index 


BUJ3M_BSTATE3 


0x86 


[1:0] 


0x0 


Buffer 3 status 


BU_BM_BSTATE2 


0x87 


[1:0] 


0x0 


Buffer 2 status 


BU„BM_BSTATE1 


0x88 


[1:0] 


0x0 


Buffer 1 status 


BU_BMJNDEX 


0x89 


[1:0] 


0x0 


Current buffer index 


BU„BM_STATE 


0x8A 


[4:0] 


0x00 


Buffer manager state 


BU_BM_FROMPS 


0x8B 


[0] 


0x0 


From PI CTU RE_START flag 


BU_BM__FROMFL 


0x8C 


[0] 


0x0 


From FLUSHJTOKEN flag 



Table C.2.4 Test Registers 
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C.2.4 Operation of The Stat* Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
shown in Figure 157, and also as described in the 
behavioral description bmlogic.M. 



State 


Value 




0x00 


PRES1 


0x10 


ennun 


0x1F 


TEMP.REFO 


0x04 


TEMP.REFt 


0x05 


TEMP.REF2 


0x06 


TEMP.REF3 


0x07 


ALLOC 


0x03 


NEW.cXP.TR 


0x00 


SET.ARRJX 


OxOE 


NEW.PiC.NUM 


OxOF 


FLUSH 


0x01 


ORO 


OxOB 


TOKEN 


OxOC 


OUTPUTJTAfL 


0x08 


VA CAT E.ROY 


0x17 


USE.ROY 


OxOA 


VACATE.DISP 


0x09 I 


PICTURE.ENO 


0x02 j 



Table C.2.5 Buffer States 
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C.2.4.1 The RiHt Stmts 

The reset state is PRESO, with flags set to zero such 
that the main loop circulated initially. 
c.2.4.2 The Ha in Loop 

The main loop of the state machine comprises the states 
shown in Figure 153 (high-lighted in the main diagram - 
Figure 152) . States PRESO and PRES1 are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 
depend on the value of rdyst, the adder output signal 
described in C.2.3.2.4. If a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ. Each cycle around the PRES0-PRES1 loop examines 
a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and its 
status is updated. This process is repeated until all 
buffers have been examined (index ~ max buf ) and the state 
then advances. A buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pres_num)&&((ptc_num * pres_num)>=128) 
or 

(pic_num<pres_num)&&({pres_num - pic_num)<=128) 
or 

pic.num = pres_num 

' State DRQ checks for a request for a display buffer 
(drq_valid_reg && disp_acc_reg) . If there is no request 
the state advances (normally to state TOKEN - as will be 
described later). Otherwise, a display buffer index is 
issued as follows. If there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 
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is ready for display, its index is issued and its state is 
updated. If necessary, the previous display buffer is 
cleared. The state machine then advances as before. 

State TOKEN is the typical option for completing the main 
5 loop. If there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections) , otherwise control returns to 
state PRESO. 

Control only diverges from the main loop when certain 
0 10 conditions are met. These are described in the following 

J* 1 ;; sections. 

C.2.4.3 Allocating The Ready Buffer Index 
ji If during the PRES0-PRES1 loop a buffer is determined to 

be ready, any previous ready buffer needs to be vacated 
Ui 15 because only one buffer can be designated ready at any 

; i time. State VACATE_RDY clears the old ready buffer by 

Qr setting its state to VACANT, and it resets the buffer index 

N 5 -- to 1 so that when control returns to the PRESO state, all 

:S buffers will be tested for readiness. The reason for this 

LJ, 2 0 is that the index is by now pointing at the previous ready 

buffer (for the purpose of clearing it) and there is no 
record of our intended new ready buffer index. It is 
necessary, therefore, to re-test all of the buffers. 
C. 2. 4.-4 Allocating The Display Buffer Index 
25 Allocation of the display buffer index takes place either 

directly from state DRQ (state USE_RDY) or via state 
VACATE_DISP which clears the old display buffer state. The 
chosen display buffer is flagged as IN_USE, the value of 
rdy_buf is set to zero, and the index is reset to 1 to 
30 return to state DRQ. Moreover, disp_buf is given the 
required index and the two-wire interface wires (disp_valid 
and drq_acc) are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN , FLUSH and ALLOC does not need to be made in state 
3 5 USE_RDY . 

C.2.4.5 Operation when PICTURE_END Received 

On receipt of a P I CTUR E_ EN D token, control transfers from 
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state TOKEN to state PICTURE^ END where, if the index is not 
already pointing at the current arrival buffer, it is set 
to point there so that its status can be updated. Assuming 
both out_acc_reg and en_full are true, status can be 
5 updated as described below. If not, control remains in 
state PICTURE_END until they are both true. The en_full 
signal is supplied by the write address generator to 
indicate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore, 
% 10 safe to update the buffer status. 

%t The just-completed buffer is tested for readiness and 

~ji given the status either FULL or READY depending on the 

f{ result of the test. If it is ready, rdy_buf is given the 

IB value of its index and the set_la_ev signal (late arrival 

^ 15 event) is set high {indicating that the expected display 

U\, has got ahead in time of the decoding) . The new value of 

Q% arr_buf now becomes zero and, if the previous ready buffer 

5J ;|; needs its status clearing, the index is set to point there 

C| and control moves to state VACATE_RDY . Otherwise, the 

2 0 index is reset to l and control returns to the start of the 
main loop. 

C.2.4.6 Operation When PICT TO E_S TART Received (Allocation 
of Arrival Buffer) 

When a PICTURE_START token arrives during state TOKEN, 
25 the flag froni_ps is set, causing the basic state machine 
loop to be changed such that state ALLOC is visited instead 
of state TOKEN. State ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
30 one whose status is VACANT. A buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once a 
suitable arrival buffer has been found, the index is 
35 allocated to arr_buf and its status is flagged as IN_US£. 
Index is set to 1, the flag from_ps is reset, and the state 
is set to advance to NEW_EXP_TR. A check is made on the 
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picture's index (contained in .the word following the 
PICTURE_START) to determine if it is the same as targ_ix 
(the target index specified at setup) and, if so, 
set_if+_ev (index found event) is set high. 
5 The three states NEW_EXP_TR, S£T_.ARR_IX and NEW_PIC_NUM 

set up the new expected temporal reference and picture 
number for the incoming data. The middle state just sets 
the index to be arr_buf so that the correct picture number 
register is updated (note that this_pnum is also updated) . 

10 Control then proceeds to state OUTPUTJTAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point, the main 
loop is re-started. This means that whole data blocks (64 
items) are output, in between which, there are no tests for 

15 presentation flags or display requests. 
C.2,4,7 Operation When FLUSH Received 

A FLUSH token in the data stream indicates that sequence 
information (presentation number, picture number, rst_fld) 
should be reset. This can only occur when all of the data 

20 leading up to the FLUSH has been correctly processed. 
Accordingly, it is necessary, having received a FLUSH, to 
monitor the status of all of the buffers until it is 
certain that all frames have been handed over to the 
display, i.e., all but one of the buffers have status 

25 EMPTY, and the other is INJJSE (as the display buffer). At 
that point, a "new sequence" can safely be used. 

When a FLUSH token is detected in state TOKEN , the flag 
from_fl is set, causing the basic state machine loop to be 
changed such that state FLUSH is visited instead of state 

3 0 TOKEN. State FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or INFUSE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 

35 When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst_fld is set to 1. 
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The flag from_fl is reset and the normal main loop 
operation is resumed. 

C.2.4.8 Operation When TEMFORAL_REFERENCE Received 

When a TEMPORAL_R£F£RENCE token is encountered, a check 
5 is made on the H.261 bit and, if set, the four states 
TEMP_REFO to TEMP_REF3 are visited. These perform the 
following operations; 

TEMP_REFO ; temp_ref =in_data_reg ; 
TEMP_REF1 : delta=temp_ref-exp_tr ; index=arr_buf ; 
3 10 TEMP_REF2 : exp_tr=delta+exp_tr ; 

TEMP_REF3 :pic_num[ i ] =this_pnum+del ta ; index=l* 
S| c.2.4.3 Other Tokens and Tails 

J* State TOKEN passes control to state OUTPUT_TAIL in all 

m. cases other than those outlined above* Control remains 

Ul is here until the last word of the token is encountered 

!\ (in_extn_reg is low) and the main loop is then re-entered. 

Q C.2.5 Applications Notes 

H; c.2.5.1 State Machine Stalling Buffer Manager Input 

This requirement repeatedly check for the "asynchronous" 
\*h 20 timing events of picture clock and display buffer request. 

The necessity of having the buffer manager input stalled 
during these checks means that when there is a continuous 
supply of data at the input to the buffer manager, there 
will be a restriction on the data rate through the buffer 

25 manager. A typical sequence of states may be PRESO, PRESl, 
DRQ, TOKEN, OUTPUTJTAIL, each, with the exception of 
OUTPUT_TAIL, lasting one cycle. This means that for each 
block of 64 data items, there will be an overhead of 3 
cycles during which the input is stalled (during states 

3 0 PRESO , PRESl and DRQ) thereby slowing the write rate by 
3/64 or approximately 5%. This number may occasionally 
increase to up to 13 cycles of overhead when auxiliary 
branches of the state machine are executed under worst-case 
conditions. Note that such large overheads will only apply 

35 on a once-per-f rame basis. 

C.2.5. 2 Presentation Number Behavior During An Access 

The particular embodiment of the bm_pres illustrated by 



the schematic shown in C.2.3.2.4 means that presentation 
number free-runs during upi accesses. If presentation 
number is required to be the same when access is 
relinquished as it was when access was gained, this can be 
effected by reading presentation' number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness. 

C.2.S.3 H261 Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogic. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
bm_stus module. The delta input can be tied to zero if the 
frames are always sequential. 
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SECTION C.3 Write Address Generation 
C*3«l Introduction 

The function of the write address generation hardware, 
in accordance with the present invention, is to produce 
5 block addresses for data to be written away to the buffers. 
This takes account of buffer base addresses, the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions, and coding 
standard. Data arrives in macroblock form, but must be 

10 stored so that lines may be retrieved easily for display. 
c.3«2 Functional overview 

Each time a new block arrives in the data stream 
(indicated by a DATA token), the write address generator is 
required to produce a new block address. It is not 

15 necessary to produce the address immediately, because up to 
64 data words can be stored by the DRAM interface (in -the 
swing buffer) before the address is actually needed. This 
means that the various address components can be added to 
a running total in successive cycles, and thus, hence 

2 0 obviating the need for any hardware multipliers. The 

macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 
25 Considering the picture format shown in Figure 161, 

expected address sequences can be derived for both standard 
and H.261-like data streams. These are shown below. Note 
that the format does not actually conform to the H.261 
specification because the slices are not wide enough (3 

3 0 macroblocks rather than 11) but the same "half -picture- 

width-slice* concept is used here for convenience and the 
sequence is assumed to be "H. 261-type" . Data arrives as 
full macroblocks, 4:2:0 in the example shown, and each 
component is stored in its own area of the specified 
3 5 buffer. 
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Standard address sequence: 
000.00 1 .0OC.0OD, 1 00,200; 
002,003,008,00^101,201; 
004,005.010,011,102,202: 
005.007,012.01 3. 1 03,203; 
008,009.014,015.104,105; 
0OA.0OB.01 6.01 7,105,205; 
018,019,024,025,106,107; 
01A.01B.026 



080,081 ,08C,08D, 122,222; 
082.083.08e.08F, 123.223; 

H26l-type sequence: 

000,001 .OOC.OOD, 1 00,200; 

002,003>OOE,OOF,1 01 ,201 ; 

004,005,01 0,01 1 ,1 02.202; 

018,019,024,025,106.107; 

01 A.01 B.026, 027, 1 07,207; 

01C.01D,028,029,108.208; 

030,031,03C.03D t 10C.20C, 

032.033.03E.03F.10D.20D; 
034 ,035,040.041. 10E.20S; 
006.007,0 1 2,01 3, 1 03,203; 
008,009,014,015,104.105; 
00A.0OB.O1 6,017,1 05,205; 
01 S.01 F.02A.02B, 109.209; 
020,02 1 .02C.02D, 1 0A^OA; 
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C22,023,02E t Q2F,1Q8,20B 
036,037 .042.043,1 0F.20F; 
038,039,044,045, 11 0,21 0; 
C3A ( G3S.046,047,111,211; 
048,049,054,055,112,212; 
04A.048.056 



r| 06A,06B,Q76,077,11D,21D; 

^ 07E,07F,08A,08B, 1 21 ,221 ; 

H 080,08 1 .08C.08D, 1 22,222; 

f|| 082.083,08E,08F f 123:223; 

s C.3.3 Architecture 

^ C.3.3.1 Interfaces 

lX C. 3. 3. 1.1 Interface to buffer manager 

HI The buffer manager outputs data and the buffer index 

5 directly to the write address generator. This is performed 
under the control of a two-wire-interface. In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely linked. They do, however, operate from 

10 two separate (but similar) clock generators. 
C 3. 3. 1.2 Interface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire- interface , and the dramif uses each of them in 

15 different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. It is, therefore, 
synchronized at the output. 
c. 3. 3. 1.3 Microprocessor Interface 

20 The write address generator uses three bits of 

microprocessor address space together with 3-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 
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C. 3.3*1.4 Events 

The write address generator is capable of producing five 
different events* Two are in response to picture size 
information appearing in the data stream (hmbs and vmbs) , 
. - 5 and three are in response to DEFINE_SAMPLING tokens (one 
event for each component. 
C.3.3.2 Basic Structure 

The structure of the write address generator is shown in 
n the schematic waddrgen . sch . It comprises a datapath, some 

Jj 10 controlling logic, and snoopers and synchronization. 

^ C. 3. 3. 2.1 The Datapath (bwadpath) 

The datapath is of the type described in Chapter C.5 of 
III this document, comprising an 18-bit adder/subtractor and 

J^J register file (see C.3.3.4), and producing a zero flag 

? 15 (based on the adder output) for use in the control logic. 

C.3.3.2.2 The Controlling Logic 
;J The controlling logic of the present invention consists 

HI of hardware to generate all of the register file load and 

drive signals, the adder control signals, the two-wire- 
20 interface signals, and also includes the writable control 
registers . 

C.3. 3.2*3 Snoopers and Synchronization 

Super snoopers exist on both the data and address ports. 
Snoopers in the datapaths, controlled as super-snoopers 

25 from the zcells. The address has synchronization between 
the write address generator clock and the dramif's "elk" 
regime. Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 

30 C.3.3.3 Controlling Logic and State Machine 
c. 3. 3. 3.1 input/Output Block (va inout) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 
token decode) and arrival buffer index (for decoding four 

35 ways) . 

c.3.3.3. 2 Tvo Cycle Control Block (wa fc) 

The flag fc (first cycle) is maintained here and 



604 



indicates whether the state machine is in the middle of a 
two-cycle operation (i.e., an operation involving an add). 
C.3.3.3.3. Component Count (va comp) 

Separate addresses are required for data blocks in each 
5 component, and this block maintains the current component 
under consideration based on the type of DATA header 
received in the input stream. 
5 c.3.3.3«4 Modulo-3 Control (va mod3) 

%i When generating address sequences for H*261 data streams, 

^1 10 it is necessary to count three rows of macroblocks to half 

111 way along the screen (see C.3.2). This is effected by 

5^5 maintaining a modulo-3 counter, incremented each time a new 

^ row of macroblocks is visited. 

N c. 3.3.3.5 Control Registers (va ureas) 

JS8!;. 

*«f 15 Module wa uregs contains the setup register and the 

fp coding standard register - the latter is loaded from the 

Cl data stream. The setup register uses 3 bits: QCIF (Isb) 

^ and the maximum component expected in the data stream (bits 

1 and 2) . The access bit also resides in this block 
20 (synchronized as usual) , with the "stopped" bits being 
derived at the next level up the hierarchy (walogic) as the 
OR of the access bit and the event stop bits. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 
25 and the lower two bits of the address bus. 

c.3.3.3.6 Controlling State Machine (va state) 

The logic in this block is split into several distinct 
areas. The sate decode, new state encode, derivation of 
" intermediate 11 logic signals, datapath control signals 
30 (drivea, driveb, load, adder controls and select signals), 
multiplexer controls, two-wire- inter face controls, and the 
five event signals. 
C.3.3.3.7 Event Generation 

The five event bits are generated as a result of certain 
3 5 tokens arriving at the input. It is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 
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calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware.* 
C.3.3.4 Register Address Map 

There are two sets of registers in the write address 
generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
c.3.1 and C.3.2, respectively. 



Rec/ster Name 


Address 


BUS 


Reset 
Siate 


runcuon 1 

! 


SLLWAOOR.CCO.STO 


Ox* 






! Cod std .'rem s"eam ' 


! SUJWAOOR.ACCSSS 


0,5 


1. 


0 


Access tit J 


BU_WA0DR_C7L! 


0x6 


3 


0 


max component 1] ana j 
CCIFflDJ | 


3U_WA_AODfi_SNP2 


OxSO 






snooper cn :ne write ] 


SU_WA.A00R.SNP1 


0x8 1 






i 

address generator } 


SU,WA>OOR.SNP0 


0x62 


S 




I 

address c/o. j 


3 U.WA.O ATA ^SNP 1 


0x&* 


8 




snoooer on da:a ou:sui z\ • 


aU_WA_OATA_SNP0 


0xB5 


8 




wa ; 



Table C.3.1 Top-Level Registers 



Keyroie Pegisrer Name 



j 5U.WACC?.3 UPr=flO,3AS£.MlD 



I 0x25 



f 0x36 






t 


2 


t ^ udi _ g 


j SUFFER ! _3ASe_Mi0 


J 0x3a 


; 3 


• Laacec 




CzSb 


! 3 


t 
1 


j 3U.WA00i=..3UF? : £r^.3ASc.MS3 


| QxSd 


I 2 


j Must re 


j BU.WA0CP.SU?rcR2.SASE.MIO 


I 0*8* 


1 A 


1 i 
! L=ace<: I 


| 3U_WACCa.3UFFcR2_3ASE_.SB 




1 a 
1 8 


f ! 


BU_WA0OR.CCMP0.HM8AOOn.MSB 


UX3 1 


2 


| "es: cniy j 


oU.WAOCR_CQMPO_HMBACDR.MJO 


UXS2 


8 


! I 


BU_WACCR.CCMP0.HMSAOOR.LS3 


| Cx93 


f 3 
1 


i 


| S^.WAOOR.CCMPI^HMBAOOR.MSB 


0x95 


j 2 


: Tes; , 


| 3U.WACOR.COMPI_HM8AOOR.MIO 




t 3 

! 3 


i 
1 


BU.WAODR.CCMP 1 .HM8A0CR.LS8 


j 0x97 


1 8 


t 


3U.WAC0P_CCMP2_HM8A00R.MS8 


t 0x99 


1 2 


| Tes: cniy ; 


3U.WAOOR_CCMP2_HMSADDR_MiO 


Cx9a 


j 6 


I ! 


3U.WAOOR.CCMP2.HM8AOOR.LSB 


Or9b 


j 3 


] l 


3U_WADDR.COMP0.VM8AOOR.MSB 


Ox9d 


| 2 


| Tes i crty t 


3U_WAOOR_COMP0.VMSA0OR.MIO 


0x9« 


3 


I ! 


3U_WACOR_COMP0.VM8AOOR.LS8 


0x9f 


8 


t 
i 


3U.WA00R.C0MP 1 .VM8A0DR.MS8 


Oxat 


2 \ 


Tes; rny 


BU.WAOOR.COMP1_VMBAOOH.MIO 


0xa2 


8 1 


t 


3U.WAOOR_COMP1_VM8ADDR.LS8 


Oxa3 j 


8 i 




3U_WA0DR_COMP2_VM8AO0R_MS8 j 


OxaS j 


2 j 


Tes:cr./ 


SU.WADOR.CCMP2.VM8AODR.MIO 


0xa6 j 


8 ! 


| 


j 3U_WACDR.CCMP2.VMSAOOR.LSB 


0xa7 | 


8 j 


i 


3U.WA0DR.VBA00R.MSB j 


0xa9 | 


2 ! 


T»s: cr.y ' 


3U.WA0CR_V8A0DR.MI0 j 


Oxaa j 


3 i 




3U_WADDR_VBA00R_LS3 | 


Oxab | 


8 j 





e C.3.2 Image Formatter Address Generator Keyhole 




Table c.3.2 Image Formatter Address 



Generator Kevhole 




Must ze 



Oiae 



I 3 




8 "- w *00a-COMPl.u»5T.MBjN.MAl^r^ 



3U-WA0DR.cOMP1.L>ST..MB.IN.HAU:.RO W . LS a 



Must *e 



0x«6 



9".WAOOR,COMP2.UST.MBJN_HALP,RQW MSfi" 



8U.WADDR,cOMP 2 .LAST.M S JN,HaI?^7^ 



BU.WADOR.COMP2.L>ST.MBJN.HALF.HOW_LSB 



0x«7 



0xe9 



Oxea 



3U.WAQCR.COMP0.^ST.qowjN_MB MSfl 



Oxeb 



Lcacec 




Table C * 3 - 2 lM5l7e »tt.r Address Generator Keyhole 



Keyftcttt Register -^ar -1 e 


Address 


3.3 


Cc« — s-. 


8U_WA0OR_C0MP0_LAST_M8_ROW_MS8 


0x105 


2 




BU_WA0OR_COMP0_LAST_M8_ROW.MlO 


0x106 


3 


Loaded 


SU_WAODR.COMP0_LAST.MB_ROW.LS8 


0x107 


8 




SU_WAO0R_COMP1_LAST_MB_ROW_MS8 


0x109 


2 


Must fe# 


Ql I WiftflB f~OlL4D1 1 ACT 1 J Q QfMA/ 
au.TVAUUn^UMr 1 _LA j 1 _Mo_nUVY - MIU 


' 0x1 0a 


8 


Loaded 


' Q( i <aj anna f** -1 i*.jioi i act uo oouu j cq 


Ox 10b 


8 


i 

i 


8U WADflfl rnMP9 t A"T MB RHW mt^A 

O w_ T^^WLJ in l_w t_^^w I _*V10_nwTT.(VlOO 


Ox 1 Od 


2 


Must Se 1 




0x10# 


8 


Leaded J 


At j wAnnp r*ruL4P? i act mb sow i ca 


UX I o* 


8 




8U_WAOOR.COMP0.H8S.MS8 


0x111 


2 


Must ce 


BU.WAOOR_COMPO_H8S.MIO 


„ 0x112 


8 


Loaded 


SU.WA0OR_CCMP0.HBS.LS8 


0x113 


8 




3U.WA00R.C0MP t _HBS.MS8 


0x115 


2 


n_ 


8U.WA0DR.C0MP 1 .H8S.MI0 


0x116 


3 


f 

Loaded 


3U.WA00R.C0MP 1 _HBS_LS8 


0x117 


8 




3U.WA00R_C0MP2_HSS_MS8 


0x119 


2 




8U.WAODR.COMP2.MBS.MtO 


Oxi la 


3 


Loaded 


8U.WA0DR_C0MP2_HeS.LSB 


Oxi lb 


a 
o 




BU.WAODR.COMPO.MAXHS 


0x1 U 


2 


Musi ie ! 


BU.WA 0DR.C0MP 1 .MAXH8 


0x123 


2 


j 

Loa.ed J 


3U.WA0DR.C0MP2.MAXHB 


0xi27 


2 


1 


3U.WAOOR.COMP0.MAXV8 


Ox 12b 


2 


Musi ce 


8U.WADDR.C0MP1.MAXVB 


0x12f 


2 


Loaded 


BU.WA00R.COMP2.MAXV8 


0x133 


2 





Table c.3,2 Image Formatter Address Generator Xeyfaole 



The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
running totals of various (horizontal and vertical) block 
and macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr C.13, and the 
picture size parameter registers are defined in the next 
section. 
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C.3.4 Programing the Write Address 6«n«r&tor 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162. 
5 l)WADDR_HALF_WIDTH_IN_BLOCKS: this defines the 

half width, in blocks, of the incoming picture. 

2) WADDR_MBS_WIDE: this defines the width, in 
macroblocks, of the incoming picture. 

3) WADDR_KBS_HIGH: this defines the height, in 
10 macroblocks, of the incoming picture. 

4) WADDRJLAST_MB_IN_ROW: this defines the block 
number of the top left hand block of the 
last macroblock in a single, full-width row 
of macroblocks. block numbering starts at 

15 zero in the top left corner of the left-most 

macroblock, increases across the frame 
with each block and subsequently with each 
following row of blocks within the 
macroblock row. 

20 5)WADDR_LAST_MB_IN_HALF_ROW: this is similar 

to the previous item, but defines the block 
number of the top left block in the last 
macroblock in a half-width row of 
macroblocks. 

2 5 6 ) WADDRJLAST_ROW_IN_MB : this defines the block 

number of the left most block in the last 
row of blocks within a row of macroblocks. 

7) WADDR_BIX>CKS_PER_MB_ROW: this defines the 
total number of blocks contained in a 

3 0 single, full-width row of macroblocks. 

8) WADDR_LAST_MB_ROW: this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

3 5 9)WADDR_HBS: this defines the width in blocks 

of the incoming picture. 
10)WADDR MAXHB: this defines the block number 
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of the right-most block in a row of blocks in 
a single macroblock. 
11)WADDR_MAXVB: this defines the height-1, in 
blocks, of a single macroblock. 
5 In addition, the registers defining the organization of 

the DRAM must be programmed ♦ These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data stream-; and can be 1 minimum 
10 and 3 maximum) . 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 
15 The screen configuration illustrated in Figure 162 yields 

the following register values: 

1) WADDR_HALF_W10TH_IN_BLOCKS = 0x16 

2) WADDR_MBS_WIDE = 0x16 

3) WADDR_MBS_HIGH = 0x12 

4) WADDR_LAST_M3JN_ROW = 0x2A 

5) WADDR_LAST_M8JN_HALF_ROW = 0x14 

6) WADOR_LAST_ROWJN_M5 = 0x2 C 

7) WADDR_8LOCKS_PER_MB_ROW = 0x58 
6)WADDR_D*ST_MB_ROW = 0x508 

9) WADDR_HBS = 0x2C 

10) WADDR_MAXV8 = 1 

11) WADDR_MAXH3 = 1 
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C.3.3 Operation of The Stat* Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.3.3. These interact as 
shown in Figure 164 , and also as described in the 
behavioral description, bmlogic.M. 



State 


Value 


IOLE 


0x00 


DATA 


0x10 j 


COOING .STANDARD 


OxOC 


HORZ_MBS0 


0x07 


HOftZ.MBSt 


0x06 


VEHT.MBSO 


0x03 


VEHT.MBSI 


OxOA 


OUTPUT.TAiL 


0x08 


MB 


0x11 


MBO 


0x1 D 


MB1 


0x12 


MB2 


QUE 


MB3 


0x13 


M&4 j 


OxOH 


MBS 


0x14 


MB 5 


0x15 


MB4A 


oxta | 



Table C.3.3 Write Address Generator States 
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V»tu« 


MAiA 


0x09 




0x17 


M&40 


0x16 


AD0R1 


0x19 


Anne? 


0x1 A 




0x18 


A00R4 


ux 1 


A0DR5 


0x03 


HSAMP 


0x05 


VSAMP 


0x04 


PIC.STt 


OxOf 


PIC.ST2 


0x01 


PIC.ST3 


0x02 



Tabls c.3.3 writ* Address Generator States 
C.3.5.1 Calculation of ths Address 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
5 164. On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDR1 and then through to state 
ADDR5, from which an 18-bit block address is output with 
two-wire-interface controls • The calculations performed by 
the states ADDR1 through to ADDR5 are; 
1 0 BU_WADDR_SCRATCH«BU_BUFFERn_BASE 
+BU_COMPnt_OFFSET ; 

BU_WADDR_SCRATCH=BUJ*ADDR_SCRATCH 
+ BU_WADDR_VMBADDR ; 

BU_WADDR_SCRATCH=BU_WADDR-SCRATCH 
1 5 +BU_WADDR_HMBADDR ; 

BU_WADDR_SCRATCH=BU+WADDR_SCRATCH 
+BU_WADDR_VBADDR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB; 

The registers used are defined as follows: 
20 D BU_WADDR_VMBADDR: the block address (the top left 

block) of the left-most macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU_WADDR_HMBADDR: the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained. 
5 3) BU_WADDR_VBADDR: the block address, within the 

macroblock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 

4) BU_WADDR_HB: the horizontal block number, within 
10 the macroblock, of the block whose address is 

being calculated. 

5) BU_WADDR_SCRATCH: the scratch register used for 
temporary storage of intermediate results. 

Considering Figure 163, and taking, for example, the 
15 calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 

SCRATCH=BUFFERn_BASE+COMPm_OFFSET; (assume 0) 

SCRATCH=0+0x5D8 ; 

SCRATCH=0x5D8+0x28 ; 
2 0 SCRATCH~0x600+0x2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure. 

C.3.5.2 Calculation of Nev Screen Location Parameters 

2 5 When the address has been output, the state machine 

continues to perform calculations in order to update the 
various screen location parameters described above. The 
states HB and MBO through to MB 6 do the calculations, 
transferring control at some point to state DATA from which 

3 0 the reminder of the DATA* Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
3 5 fixed (based on values in the setup registers derived from 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 



615 



zero flag is set) , control continues down the "MB" sequence 
of states. If not, all counts are deemed to be correct 
{ready for the next address calculation) and control 
transfers to state DATA. 
5 Note that all states which involve the use of an addition 

or subtraction take two cycles to complete (allowing the 
use of a standard, ripple-carry adder) , this being effected 
by the use of a flag, fc (first cycle) which alternates 
between 1 and 0 for adder-based states. 
10 All of the address calculation and screen location 

calculation states allow data to be output assuming 
favorable two-wire interface conditions. 
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C^-S^-^ Calca iations fQr 
IMPEG-sf Yle) s^ .n... 

The sequence of operations is as follows fin u 

zero flag i s bas»H fc w 5 (ln w hich the 

9 is based on the output of the adderl • 
--> states HB and MBO: " 

scratch = hb - maxnb; 
if (2) 

hb = o; 
else 
10 ( 

hb = hb + i 
new_state = DATA; 

) 

states MB1 and MB 2 : 
15 scratch = vb_addr - last_row in mb; 

if (z) ~ ~ 

vb_addr = 0; 
else 

( 

2 0 vb_addr = vb_addr * width_in_blocks ; 

new_state = DATA; 

) 

states MB 3 and MB4 : 

scratch = hm b_addr - last_mb in row; 
25 if (2) ~ - 

hmb_addr = 0; 
else 

( 

hmb_addr = hmb_addr + maxhb; 
30 new_state = DATA; 

) 

states MBS and MB 6 : 

scratch = vmb_addr - last_mb row; 
if Hz) 

25 vmb.addr = v*b_addr + blocks_per_mb_row • 

dete«ed addr " '"^ * PIC ^-™T token is 

detected, rather than when the end of a picture is inferred 
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from the calculations) . . . 

c. 3. 5*2*2 Calculations for H.26X Sequences 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
5 states HB and MBO:-as above 

states MB1 and MB2:-as above 
states MB3 and MB4 : 

scratch = hmb_addr - last_mb_in_row; 

if (2 & (mod3 — 2)) /*end of slice on right of screen*/ 

10 ( 

hmb__addr - 0; 
new_state - MBS; 

) 

else if (z) /*end of row on right of screen*/ 

15 ( 

hmb_addr = half _width_in_blocks ; 
new_state = MB4A; 

) 

else 
20 ( 

scratch « hmb_addr - last_mb_in_half _row ; 
new-state = MB4B; 

} 
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state M&4A: 

vmh_addr - vrab_addr • blocks _per_rr,b - row; 
r.ew_s:ace = DATA; 

state (MB4) and MB4B: 

■scratch = hmb.addr - lasc_mb_in_half_row; ) 

if (z & {:aod3»*2>} /*end of slice on left of screen' / 

hr-b^addr - hrab_addr * rcaxhb; 
r.ew.s:ace = MB4C; 

} 

else if tz) /*end of row on left of screen*/ 

( 

rjab.addr * 0 ; 
r.ev_state = MB4A; 

\ 

else 

hj?-b_add-r = hmb_ addr * maxhb; 
r.ew_scate * DATA; 

J 



states M84C and MS40: 

vrab.addr a vmb_addr - blocks_per_mb_rov; 

vmb.addr » vmb_addr - blocfcs_per_mb_row; 
new_scace * DATA; 



states M85and M86> as above 
C.3.5.3 Operation on PICTURE.START Token 

When a PtCTURE.START token is received, control passes to state PiC.STi wt 
vt^addr register (BU.WAOOR.VBADOR) is reset to 0. Each of states PiC„ST2 and P1C_ 
then visited, once for each component, resetting hmb^addr and vmo_addr respectively, 
then returns, via state OtTTPUT_JAlU to IDLE. 
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C.3.5.3 operation on PICTURE_STAKT Token 

When a P I CTURE__ST ART token is received, control passes 
to state PIC_ST1 where the vb_addr register 
(BU_WADDR_VBADDR) is reset to 0. Each of states PIC_ST2 
5 and PIC_ST3 are then visited, once for each component, 
resetting hmb_addr and vmb_addr, respectively. Control 
then returns., via state OUTPUT_TAIL, to IDLE. 
C.3*S.4 Operation on DEFINE_SAMPLING Tofcen 
^ When a DEFINE_SAMPLING token is received, the component 

|| 10 register is loaded with the least significant two bits of 

the input data. In addition, via states HSAMP and VSAHP, 
y the maxhb and maxvb registers for that component are 

lj loaded. Furthermore, the appropriate define sampling event 

ff* bit is triggered {delayed by one cycle to allow the whole 

s 15 token to be written) . 

H* C.3.5.5 Operation on HORIZONTAL_MBS and VERT I CAL_MB S 

When each of HORI ZONTAL_MBS and VERTICAL^KBS arrive, the 
f|| 14-bit value contained in the token is written, in two 

O cycles, to the appropriate register. The relevant event 

Li>. 

20 bit is triggered, delayed by one cycle. 
C.3.5,6 Other Tokens 

The COD ING — STANDARD token is detected and causes the top- 
level BU_WADDR_COD_STD- register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 

25 is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUT JTAIL, which accepts 
data until the token finishes. Note, however, that it does 
not actually output any data. 



620 



SECTION C.4 Read Address Generator 

C.4.1 Overview 

The read address generator of the present invention 
consists of four state machine/datapath blocks. The first, 
5 "dline", generates line addresses -and distributes them to 
the other three (one for each component) identical 
page/block address generators, "dramctls 11 . All blocks are 
linked by two wire interfaces. The modes of operation 
include all combinations of interlaced/progressive, first 

10 field upper/lower, and frame start on upper/ lower/both , 
The Table C.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter C.13 
gives a programming example for both address generators. 
C.4. 2 Line Address Generator (dline) 

15 This block calculates the line start addresses for each 

component. Table C.3.4 shows the 18 bit datapath registers 
in dline. 

Note the distinction between DISP_register_name and 
ADDR_register_name DISP _name registers are in dispaddr 
20 only and means that the register is specific to the display 
area to be read out of the DRAM. ADDR_name means that the 
register describes something about the structure of the 
external buffers. 
. * Operation 

25 The basic operation of dline, ignoring all modes repeats 

etc. is: 

if ( vsync_start) / * first active cycle of vsync*/ 
( 

comp = 0 

3 0 DI SP_VB_CNT_COMP ( comp ) =0 ; 

LINE [ comp ] =BUFFER_BASE [ comp ] +0 ; 

LINE [ comp j =LIN£C comp J -<-DISP_COMP_OFFSET [ comp J ; 

wh ile ( VB_CNT_COMP [ comp ] <DISP_VBS_COMP [ comp } 

( 

3 5 while { line_count [ comp } <3 J 

( 
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( 

while (comp<3) 
( 

—OUTPUT LINECcon^to aramctl [ comp J 

1 me [ comp J =LINE C comp ] + ADDR_HBS_COMP [ comp ] ; 

comp = comp + i; 

) 

1 ine_count f comp ] =line_count [ comp J+i; 

VB_CNT_COMP [ comp ] = VB_CNT_COMP [ comp j + 1 ; 

1 ine_count [ comp ] ==o ; 

) 

) 
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Table C.3.4 Dispaddr Datapath Registers 
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C.4.3 Dline Control Registers 

The above operation is modified by the dispaddr control 
registers which are shown in the Table C.4.3 below. 



Register Name 


Address 


SitS 


Reset 
State 


Function 

i 

! 


LIN E 3 JN_LAST_30WO 


0x08 j [2:0] 


0*07-. 


These tfvee registers 
determine tne rumder of 
lines (out of 8) of tne last 
row o/ blocks to read out 


LINES J -NLLAST_ROW 1 


0x09 


12:01 


0x07 


UN E 5 _i N_LAST_ROW2 


0x0a 


[2:0] 


0x07 


OlSPACDR. ACCESS 


0x00 


(01 


0x00 


Access bit for cisoaddr 


CiSPAOOR.CTLO 

See eelow for a detailed 
description of tftese 
control ods 


0x0c 


P:0) 


0x0 


SYNC_MQD£ 


(21 


0x0 


RSAO.START 


[31 


0x1 


INTERLACED; ? D CG | 


M 


OxO | tSBjNVERT j 




[7.5i 


0x0 


UNE.RPT f 


DiSPADOR.CTU 


OxOd 


(01 


0x1 


COMP0HOLD j 



Control Registers 



TABLE C.4.3 CONTROL REGISTERS 
C ♦ 4 . 3 . 1 LINES_IN_LAST_ROW [ component ] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read* Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 
the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines. 
C . 4 ♦ 3 . 2 DISPADDR_ACCESS 

This is the access bit for the whole of dispaddr. On 
writing a "1" to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain M 0" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers. 



624 



Note that the upi is actively locked out from the datapath 
registers until the access bit is "i". In order for access 
to dispaddr to be achieved without disrupting the current 
display or datapath operation, access will only given and 
5 released under the following circumstances. 

Stopping: Access will only be granted if the datapath has 
finished its, current two cycle operation (if it were doing 
one), and the "safe" signal from the output controller is 
high. This signal represents the area on the screen below 
10 the display window and is programmed in the output 
controller (not dispaddr). Note; It is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
15 high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. If the software is too slow and doesn't 
20 release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost" picture (rather than rubbish) . 
C . 4 . 3 . 3 DISPADDR_CTLO [-7 : 0 ] 

When reading the following descriptions, it is important 
2 5 to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field) , and frames (each buffer contains an entire frame - 
30 interlaced or not) 

DISPADDR_CTL0 [7 : 0] contains the following control bits: 

SYNC_MODE[1:0] 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_ info pin. 
35 In this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and, 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 

0:New Display Buffer On Top Field 

1 -.Bottom Field 
5 2: Both Fields 

3: Both Fields 

At startup, dispaddr will request a buffer from the 
buffer manager on every vsync. Until a buffer is ready, 
dispaddr will receive a zero (no display) buffer. When it 
10 finally gets a good buffer index, dispaddr has no idea 
where it is on the display. It may, therefore, be 
necessary to synchronize the display startup with the 
correct vsync, 

READ_START 

15 For interlaced displays at startup, this bit determines 

on which vsync display will actually start. Furthermore, 
having received a display buffer index, dispaddr may "sit 
out" the current vsync in order to line up fields on the 
display with the fields in the buffer. 
2 0 INTERLACED/ PROGRESSIVE 

0 : Progressive 
1 : Interlaced 

In progressive mode, all lines are read out of the 
display area of the buffer. In interlaced mode, only 

25 alternate lines are read. Whether reading starts on the 
first or second line depends on field_info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be 
progressive. The mapping between field_info and 

30 first/second line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_INVERT 

When set, this bit inverts the field_info signal seen by 
the line counter* Thus, reading may be started on the 
35 correct line of a frame and aligned to the display 
regardless of the convention adopted by the encoder, the 
display or the Top-Level Registers. 
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LINE_RPT[2:0} 

Each bit, when set, causes the lines of the corresponding 
component to be read twice (bit 0 affects component o 
etc.)- This forms the first part of the vertical 
5 unsampling. It is used in the 3 times chroma upsampling 
required for conversion from QFIF to 601. 
COMPOHOLD 

This bit is used to program the ratio of the number of 
lines to be read (as opposed to displayed) for component 0 
10 to those of components 1 and 2) . 

0: Same number of lines, i.e., 4:4:4 data in 
the buffers. 

1: Twice as many component 0 lines, i.e., 4:2:0. 
Page/Block Address Generators (dramctis) 
15 When passed a line address, these blocks generate a 

series of page/ line addresses and blocks to read along the 
line. The minimum page width of 8 blocks is always assumed 
and the resulting outputs consist of a page address, a 3 
bit line number, a 3 bit block start, and a 3 bit block 
20 stop address. (The line number is calculated by dline and 
passed through the dramctis unmodified) . Thus, to read out 
48 pixels of line 5 form page Oxaa starting from the third 
block from the left (an arbitrary point along an arbitrary 
line) , the addresses passed to the DRAM interface would be: 
2 5 Page » Oxaa 

Line - = 5 

Block start « 2 
Block stop = 7 

Each of these three machines has 5 datapath registers. 
30 These are shown in Table C.3.4. The basic behavior of each 
dramctl is: 
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Block start = 2 
Block stop = 7 

Each of these three machines has 5 datapath registers. These are shown in Table C 3 * % 

The basic behaviour of each dramcti is> 
while (true) 

{ 

CNT.LEFT = 0; 

GET_A_NEWJJNE_ADDRESS from diine; 

BLOCK.ADOR - input.block.addf ♦ 0; 

PAGE_ADDR = input.jjage.addr + 0; 

CNT.LEFT = DISP.HBS + 0; 

while {CNTJ.EFT > BLOCKS.LEFT) 

{ 

BLOCKS J.EFT = 8 - SLOCK. AOOR: 

— > output PAGE.ADDR. start=8LOCK_ADDR, stop-7. 

PAGE.AODR = PAGE.ADDR + 1 ; 

BLOCK.ADOR = 0; 

CNT.LEFT = CNfT.LEFT- BLOCKS.LEFT; 

} 

r Last Page of line 7 

CNT.LEFT = CNTJ.EFT + BLOCK.AODR; 
CNT_LEFT = CfsrT.LEFT - 1 : 

— > output PAGE.ADOR t start=8LOCK w ADOR.stop^CNT_L5rT 

> 
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Table c.3.5 Dramctl(o,l S2 » Datapath Registers 



Table C.3.5 Dramctl(Q,l 4 2 ) Datapath Registers 



Register Names 
OrS?.CC.ViPO.H8S 



OlSP.COMPi^HSS 
3IS?.C0MP2_H6S 



CNT_L=rT0 



CNT_t£rTl 



CNT.L£fT2 



PAGc.AOCRO 



PAGE_AODR2 



3LCCK.AOOR0 



3LCCK_AODRt 



3LCCK.AOOR2 



3LOCKS_L£FT0 



3LOCKS.L5FTI 



3LOCKS.LHFT2 



Bus 



Keyhole 
Address 



0x50,51,52.53 



0x54.55.56.57 



0x53.59 t 5a.5b 



0x5c.5d,5e.5f 



Oescnpt/on 

The number of 

horizontal 

blocks 10 be 

read. c.f. 

ADOR.HBS 
Number of 

blocks remaining 
to be read 



Comments 



0x60.61,62,63 



0x64,65.56,67 



0x6B,69,6a t 6b 



The address ot 
the current 



0x6c,6d.6e.6/ 



0x70,71.72,73 



0x74.75,75,77 



0x78,79,7a.7b 



3 | 0x7c,7d,7e.7f 



a 



0x80.81,82.83 



Current block 
address 



Blocks left tn 
current page 



This regtsier 
must be loader 
before 

ooerar.-cn car 
Jegin. 
These regisie's 
are temporary 
locations used 
by c.-scad-f. 

Note: ah 
regis: ers are PJ 
W from the ucr 



Programming 

The following 15 dispaddr registers must be programmed before operation can &M: „. 

BUFF£R_BASE0.1.2 

DIS ?_COMP_OFFS ETO. 1 ,2 

D!S?_VBS_COMP0.1,2 

ADDR_HBS_COMP0.1,2 

DISP_COMP0,1.2_HBS 



628 



10 



Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(field_info»HIGH) . Figure 159, -Buffer 0 Containing a SIF 
(22 by 18 macroblocks) picture, " shows a typical buffer 
setup for a SIF picture. (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COKPn is equal to ADDR_HBS_COKPn and likewise the 
vertical registers DISP_VBS_C0MPn and the equivalent write 
address generator register are equal, i.e., the area to be 
read is the entire buffer. 

Windowing with the Read Address Generator 
It is possible to program dispaddr such that it will read 
only a portion (window) of the buffer. The size of the 
15 window is programmed for each component by the registers 
DISP_HBS , DISP_VBS , C0MP0NENT_0 F FS ET , .and 
LINES_IN_LAST_ROW. Figure 160, "SIF Component O with a 
display window," shows how this is achieved (for component 
0 only) , 

2 0 In this example, the register setting would be: 

BUFFER_BASEO - OxOO 
DISP_COMP_OFFSETO - 0x2D 
DISP_VBS_COKPO * 0x22 
ADDR_HBS_COMPO = 0x2 C 
25 DISP_HBS_COMO = 0x2 A 

Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_IN_LAST_ROW equal to 
7 (meaning all eight) . 

3 0 «This example is not practical with anything other than 

4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries. 

•The color space converter will hang up if the data it 
3 5 receives is not 4:4:4. This means that these read 

windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.5 Datapaths for Address Generation 

The datapaths used in dispaddr and vaddrgen are identical 
in structure and width (18 bits) , only differing in the 
number of registers, some masking, and the flags returned 
to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath, ". Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load" signals are driven. 
All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, "Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
back into the "A" bus register. The various flags are 
M phO"ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 
allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and write: 

•Writing: When the access bit is set, all load signals 
are disabled and one of a set of three byte addressed 
write strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 
•Reading: This is achieved using the A and B buses* 
Once again, the access bit must be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
onto the upi bus. 

As double cycle datapath operations require the A and B 
buses to retain their values, and upi accesses disrupt 
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these, access must only be given by the controlling state 
machine before the start of any datapath operation. 

All datapath registers in both address generators are 
addressed through a 9 bit wide keyhole at the top level 
5 address 0x28 (msb) and 0x29 (lsb) for the keyhole, and 0x2A 
for the data. The keyhole addresses are given in Table 
C.11.2. 

Notes: 

1)A11 address registers in the address 
10 generators (dispaddr and waddrgen) contain 

blocked addresses. Pixel addresses are never 
used and the only registers containing line 
addresses are the three LINES_IN_LAST_ROW 
registers , 

15 2) Some registers are duplicated between the 

address generators, e.g., BUFFER_BASEO occurs 
in the address space for dispaddr and 
waddrgen. These are two separate registers 
which BOTH need loading. This allows display 

20 windowing (only reading a portion of the 

display store) , and eases the display of 
formats other than 3 component video. 
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SECTION C.6 The DRAM Interface 
C»6.l Overview 

In the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
5 block for that particular chip. In all three devices, the 
function of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator , 

10 The DRAM Interface typically operates from a clock which 

is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

15 Data is usually transferred between the DRAM Interface 

and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 

20 double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

25 Each of the chips has four swing buffers, but the 

function of these swing buffers is different in each case. 
In the Spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 

3 0 DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 

35 Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
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the DRAM , one for each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb, respectively) . 

The operation of a generic DRAM Interface is described 
in the Spacial Decoder document. The following section 
5 describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to the 
video Formatter. 

c.6,2 The video Formatter DRAM Interface 

In the video formatter, data is written into the external 

10 DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 

The data in the Video Formatter external DRAM is 
organized so that at least 8 blocks of data fit into a 

15 single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 

20 interface), the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out- At 
this point, the top part of the address (bit 6 and above - 
LSB = bit 0) is incremented and the x address (3 LSBs) is 

25 reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM , the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 

3 0 chat less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above) , and the stop 

35 value is compared with this and a signal generated which 
indicates when reading should stop. 
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SECTION CJ Vertical Upsampling 

C.7.1 Introduction 

Given a raster scan of pixels of one color component at 
its input, the vertical upsampler in accordance with the 
5 present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways, 
c.l.2 Ports 
** % Input two wire interface: 

II 10 »in_valid 

'jl • in_accept 

%| «in_data[7 ;0] 

OJ «in_lastpel 
f ! J •in^lastline 
3 " 15 Output two wire interface: 

?!' •out_valid 
U- «out_accept 
© «out_data[9: 0} 

U •out^last 
2 0 mode [2:0] 

nupdata ( 7 ; 0 ] , upaddr, upsel[3:0], uprstr, upwstr 
ramtest 

tdin, tdout, tphO, tckm, tcks 
phO, phi, notrsto 
2 5 C.7.3 Mode 

As selected by the input bus mode(2:0]. 
Mode register values 1 and 7 are not used. 
In each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. No rounding or 
30 truncation takes place in this block. Where necessary, 
values are shifted left to use the same range. 
C. 7.3.1 Mode 0:Fifo 

The block simply acts as a FIFO store. The number of 
output pixels is exactly the same as at the input* The 
35 values are shifted left by two. 
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C. 7.3,2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again, the pixel values are 
shifted left by two. 
5 A-> ABACBDBCCDD 

C.7.3.3 Mode 4: Lower 

Each input line produces two output lines. In this 
" lower" mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
^ 10 the pair is the average of the current input line and the 

4 previous input line. In the case of the first input line, 

'4 where there is no previous line to use, the input line is 

X repeated. 

%. This should be selected where chroma samples are co-sited 

&i 15 with the lower luma samples. 

I, A-> ABAC(A-B) /2DB(B+C) /2C(OD) /2D 

Q c.7.3.4 Mode 5: Upper 

Similar to the "lower" mode, but in this case the input 
line forms the upper of the output pair, and the lower is 
H= 20 the average of adjacent input lines. The last output line 

is a repeat of the last input line. 

This should be selected where chroma samples are co-sited 
with the upper luma samples. 

A-> AB(A+B) /2CBD(B+C) /2C(C+0) /2DD 
2 5 C.7,3.5 Mode 6: Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. In order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 
30 A-> AB(3A+B) / 4C(A + 3B) /4D(3B^C) /4 (B + 3C) /4 

( 3O0) /4 (C+3D) /4D 
C.7,4 How It Works 

There are two linestores, imaginatively designated M a" 
and "b". In "FIFO" and "repeat" modes, only linestore "a" 
35 is used. Each store can accommodate a line of up to 512 
pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in "FIFO" mode. 

The input signals in_lastpel and in_lastline are used to 
indicate the end of the input line and the end of the 
picture. In_lastpel, it should be high coincident with the 
5 last pixel of each line. In_lastline, it should be high 
coincident with the last pixel of the last line of the 
picture. 

The output signal out_last is high coincident with the 
tJ- last pixel of each output line. 

%i i 10 In "repeat" mode, each line is written into store "a". 

%f The line is then read out twice. As it is read out for the 

&l second time, the next line may start to be written, 

gj In "lower", "upper" and "central" modes, lines are 

W written alternately into stores "a" and "b". The first 

'^j 15 line of a picture is always written into store "a". Two 

p tiny state machines, one for each store, keep track of what 

^ is in each store and which output line is being formed. 

From these states are generated the read and write requests 
to the linestore RAMs, and the signals that determine when 
20 the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in_lastpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C7.5 UP I 

25 This block contains two 512 x 8 bit RAM arrays, which may 

be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Sam piers 
c.8.1 Overview 

In the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers , one for each color 
5 component. All three are controlled independently and, 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 

□ Horizontal Up-sampler is mapped into a different set of 

addresses in the memory map. 

V| 10 The Horizontal Up-sampler performs a combined replication 

2 ; l and filtering operation. In all, there are four modes of 

1^ operation: 

ii| Table C.7,1 Horizontal Up-sampler Modes 



Mode 


Function 


i 

0 Siratgnt-tnrcugh (no processing), i he reset state. | 


1 


No up-sampiing. filter using a 3-tap FIR filter. 


2 


x2 up-sampiing and filtering 


3 


x< up-sampling and filtering 



c.8.2 Using a Horizontal Up-Sampler 

15 The address map for each Horizontal Up-sampler consists 

of 25 locations corresponding to 12 13-bit coefficient 
registers and one 2-bit mode register. The number written 
to the node register determines the mode of operation, as 
outlined in Table C.7,i. Depending on the mode, some or 

20 all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x n , is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 

25 as follows: 



Table Coefficients for Mode 1 



Cceff 


All c.'ock ?er:oCs 


JtO j cOO 


kl j clO 


K2 


C20 



Table C.7.3 Coefficients for Mode 2 



CO€ff 


1st clock period 


2nd doc* oenod 




cCO j cOt 




ciO j cn 


■ k2 j c20 


c21 



Table C.7.4 Coefficients for Mode 3 



Coed 


1 $t clock oenod 


2nd etock p€*od 


3rd ciock penod 


j 4tn cock c«nod f 


HO 


cOO 


cOT 


c02 


j c03 | 


i " 


ctO 


C11 


C12 


I c ' 3 , i 


! <j 

t 


C20 


C2t 


c22 


1 ^ 3 
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Coefficients which are not used in a particular mode need 
not be programmed when operating in that mode. 

In order to achieve symmetrical filtering, the first and 
last pixels of each line are repeated prior to filtering. 
5 For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
10 input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. A indicates 
15 that the value of the coefficient is "don't care." All 
values are in hexadecimal. 



Table C.7.5 Sample Coefficients 



1 


x2 up-sarrpie. c/p pets 
coincident with i/o 


x2 up -sample, o/p pets m 
Between Vq 


i 

eerween •„ o j 


cOO 


0000 


01BD 


00E9 | 


i coi 

! 


0000 


010B 


00B6 j 


i c02 






01 2A ! 


j c03 






0102 ; 


j clO 


0800 


0538 


0651 


C11 


0400 


0538 


0651 


! d2 






04-iS 


! C13 






029? 


; c20 


0000 


010B 


0055 


; c2l 


j 0400 


01BO 


| 00E9 


c22 


f 




| 0290 


c23 j j " 


045- 
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C.S.3 Description of a Horiiontml Up-8a»pler 

The datapath of the Horizontal Up-sampler is illustrated 
in Figure 168. 

The operation is outlined below for the x4 upsample case. 
5 In addition, x2 upsampling and xl filtering (modes 2 and l) 
are degenerate cases of this, and bypass (mode 0) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated, 

1) When valid data is latched in the input 

10 latch ( W L W ) , it is held for 4 clock periods. 

2) The coefficient registers (labelled "COEFF") are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
15 "PIFE n ) are clocked. Thus, for input data x B , 

the first PIPE will fill up with the values cOO.x,, 
COI.X,, C02.X,, C03.X,. 

3) Similarly, the second multiplier will multiply x,, 

by of its coefficients, in turn, and the third 
20 multiplier by all its coefficients, in turn. 

It can be seen that the output will be of the form shown 
in Table C. 7 . 6 

Table C.7.6 output sequence for Mode 3 



Clock* Ptnod 


Out out 


• 


c20ju 






1 




♦ell.*., 




2 




-C12.X*., 


+ cC2.Xv 2 


3 




*C13.*,., 


* c03.x*. ? 



From the point of view of the output, each clock period 
25 produces an individual pixel. Since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values), this can 
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be thought of as implementing a 12 tap filter on x4 up- 
sampled input pixels. 

For x2 upsampling, the operation is essentially the same, 
except the input data is only held for two clock periods. 
5 Furthermore, only two coefficients are used and the "pipe" 
blocks are shortened by means of the multiplexers 
illustrated. For xl filtering, the input is only held for 
one clock period. As expected, one coefficient and one 
"PIPE" stage are used. 
10 We now discuss a few notes about some peculiarities of 

the implementation in the present invention. 

1) The datapath width and coefficient width (13 bit 2's 
complement) were chosen so that the same multiplier 
could be used, as was designed for the Color-Space 

15 Converter. These widths are more than adequate for the 

purpose of the Horizontal Up-sampler. 

2) The multiplexers which multiplex the coefficients onto 
the multipliers are shared with the UPI readback. This 
has led to some complications in the structure of the 

20 schematics (primarily because of difficulty in CCODE 

generation), but the actual circuit is smaller. 

3) As in the Color-Space Converter, carry-save 
multipliers are used, the result only being resolved at 
the end. 

25 Control for the entire Horizontal Up-sampler can be 

regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
via the UPI determines the length of a programmable shift 

30 register (bob) . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
clock periods. This, in turn, controls the main state 
machine, whose state is also determined by in_valid ( 
out_accept (for the two-wire interface) and the signal 

35 "in_last". This signal is passed on from the vertical up- 
sampler and is high for the last pixel of every line. This 
allows the first and last pixels of each line to, te 
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replicated twice-over and the cleaxing down of the pipeline 
between lines (the pipeline contains partially-processed 
redundant data immediately after a line has been 
completed) . 
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SECTION C.9 The Color-Space Converter 
C.9*l Overview 

The Color-Space Converter in the present invention (CSC) 
performs a 3x3 matrix multiplication on the incoming 9-bit 
5 data, followed by an addition: 





c01 c02 c03 




xO 




c04 




= c11 c12 c13 


X 


x1 


+ 


c14 


v2 


,c12 c22 c23 




x2 




.c24 



Where xO-2 are the input data, yO-2 are the output data 
and cnm are the coefficients. The slightly unconventional 
naming of the matrix coefficients is deliberate, since the 
names correspond to signal names in the schematics. 
10 The CSC is capable of performing conversions between a 

number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 

Er> ^8 ~* ^ C R* C B 

R,G t B-+ Y, C Rt C $ 
? » C R* C 8 ~* E R> £ G> £ B 

Y, C# C B -*R,G t B 



Where R , G and B are in the range (0..511) and all other 
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quantities are in the range of (32. ,470). Since the input 
to the Top-Level Registers CSC is Y , C Rf c„, only the third 
and fourth of these equations are of relevance* 

In the CSC design, the precision of the coefficients was 
5 chosen so that, for 9 bit data/ all output values were 
within plus or minus 1 bit of the values produced by a full 
floating point simulation of the algorithm (this is the 
best accuracy that it is possible to achieve) . This gave 
13 bit twos-complement coefficients for cxO-cx3 and 14 bit 
10 twos-complement coefficients for cx4 * The coefficients for 
all the design conversions are given below in both decimal 
and hex. 

Table C.8.1 Coefficients for Various Conversions 







Y->E 


3 




Ccert | 


Cec 


H«x 


Dec 




Oec 


Hex 


Oec ; 


-ex 


501 ! 


0.299 


0132 


G.2SS j 


1.0 


0400 






. -2 ; 


0.5c7 


0253 


0.502 




1.402 


059C 


t ; 


*c:r 


j C03 | 


Q.1U 


007$ 


0.0$8 




0.0 


cooo 


00 ; 






0.0 


0000 


«s 




*!79.4$S 


f4 C a 


-223.473 i 


-1=3 


( 0.5 


0200 


0.423 




KG 


0400 | 1.1=9 1 


. --'2 | 


-0.419 


FE53 


•0.358 




•0714 


F02S 


-0 333 | 




'• -.-.3 


-0.081 


FFAO 


-0.070 


| -0.344 


FHA0 






j cu 


123.0 


0800 


123 | 


135.5 


0878 


12,7 | 


C£3A < 


J c2t 


-0.169 


FF53 


•0-tA* 




1.0 


0400 


1.159 j 


C4A3 


c22 


-0.331 


r-AD 


-0.233 


I 


0.0 


0000 


0.0 ! 


:c:o ' 


c23 


0.5 


0200 


0.427 | 


1.772 


0717 


2.071 j 




! C24 


128 


0800 


| 128 


! 


-225.816 


F102 


•233 54 | 





All these numbers are calculated from the fundamental 
15 equation: 

Y = O. 299£ R +0. 587E G +O.O114E 0 
and the following color-difference equations: 
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The equations in R, G and B are derived from these after 
the full-scale ranges of these quantities are considered. 
c-9.2 Using the Color-Space Converter 

On reset, cOl, cl2, and c23 are set to 1 and all other 
5 coefficients are set to 0. Thus, y0=x0, yl=xl and y2=x2 
and all data is passed through unaltered. To select a 
color-space conversion, simply write the appropriate 
coefficients (from Table C.8.1, for example) into the 
locations specified in the address map. 
10 Referring to the schematics, xO . . 2 correspond to 

in_data0..2 and y0..2 correspond to out_data0 * . 2 . Users 
should remember that input data to the CSC must be up- 
sampled to 4:4:4. If this is not the case, not only will 
the color-space transforms have no meaning, but the chip 
15 will lock. 

It should be noted that each output can be formed from 
any allowed combination of coefficients and inputs plus (or 
minus) a constant. Thus, for any given color-space 
conversion, the order of the outputs can be changed by 
20 swapping the rows in the transform matrix (i.e., the 
addresses into which the coefficients are written) . 

The CSC is guaranteed to work for all the transforms in 
Table C.8.1. If other transforms are used the user must 
remember the following: 
25 i)The hardware will not work if any intermediate result 

in the calculation requires greater than 10 bits of 
precision (excluding the sign bit) . 

2) The output of the CSC is saturated to 0 and 511. That 
is, any number less than 0 is replaced with 0 and any 

30 number more than 511 is replaced with 511. The 

implementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below 0. If the CSC is programmed incorrectly, then a 
common symptom will be that the output appears to 

35 saturate all (or most of) the time. 
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C.9.3 Description or the CSC 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three " components " have been shown 
because of space limitations. In the Figure, "register" or 
"R" implies a master-slave register and " latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UPI registers 
which are not shown explicitly in the Figure. To 
understand the operation, consider the following sequence 
with reference to the left-most "component" (that which 
produces output out_ dataO) : 

1) Data arrives at inputs xO-2 (in_data0-2) . This 
represents a single pixel in the input color-space. 
This is latched. 

2) x0 is multiplied by cOl and latched into the first 
pipeline register. xl and x2 move on one register. 

3) xl is multiplied by c02, added to (xl.cOl) and latched 
into the next pipeline register. x2 moves on one 
register. 

4) x2 is multiplied by c03 and added to the result of 
(3), producing (xl.cOl + x2.c02 + x3.c03). The result 
is latched into the next pipeline register. 

5) The result of (4) is added to c04 . Since data is kept 
in carry-save format through the multipliers, this adder 
is also used to resolve the data from the multiplier 
chain. The result is latched in the next pipeline 
register. 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 
saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner. 

Three multipliers are used, with the coefficients as the 
multiplicand and the data as the multiplicator . This 
allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 
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being routed across three parallel-arid identical datapaths, 
one for each output. 

To achieve the reset state described in Section c.9.2, 
each of the three "components" must be reset in a different 
way. In order to avoid having three sets of schematics and 
three slightly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it. 
Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept_r + 
lin_valid_r) . The CSC is, therefore, a 5-stage deep two- 
wire interface, capable of holding 10 levels of data when 
stalled. 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 
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SECTION C.10 Output Controller 
C.10.1 Introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 
5 «It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
10 by the vsync and hsync pulses and by programmed timing 

registers 

•It adds a border around the video window, if 
required 
C.10.2 Ports 
15 Input two wire interface: 

•in_valid 
• in_accept 
• in_data [23:0] 
Output two wire interface: 
20 «out_valid 
•out_accept 
•out_data[23 : 0] 
•out_active 
*out_window 
2 5 •out_comp( 1:0] 

in_vsync , in_hsync 

nupdata(7 : 0 ] , upaddr(4:0], upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
phO, phi, notrstO, notrstl 
2 0 CIO. 3 Out Modes 

The format of the output is selected by writing to the 
opmode register. 
C. 10. 3.1 Mode O 

This mode is 24-bit 4:4:4 RGB or YCrCb. Input data passes 
35 directly to the output. 
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C.10.3.2 Modes 1 and 2 

These modes present 4:2:2 YCrCb. Assuming in_data [ 23 : 15 ] 
is Y, in_data[ 15 : 8 ] is Cr and in_data ( 7 : o ] is cb. 
C. 10. 3 . 2 . 1 Mode 1 
5 In 16-bit YCrCb, Y is presented on outjdata [ 15 : 8 ] . Cr 

and Cb are time multiplexed on out_data [ 7 ; o ] , Cb first. 
Out_data[ 23 : 16 ] is not used. 
C. 10.3.2.2 Mode 2 

In 8-bit YCrCb, Y , Cr and Cb are time multiplexed on 
10 out_data[7 : o j in the order Cb, Y, Cr, Y . Out_data [ 23 : 8 } is 
not used. 

C.10.3.3 Output Timing 

The following registers are used to place the data in a 
video display window. 
15 «vdelay - The number of hsync pulses following a vsync 

pulse before the first line of video or border. 

•hdelay - The number of clock cycles between hsync and 

the first pixel of video or border. 

•height - The height of the video window, in lines. 
20 »width - The width of the video window, in pixels. 

•north, south - The height of the border, respectively, 
above and below the video window, in lines, 
•west, east - The width of the border, respectively, to 
the left and to the right of the video window, in pels. 
25 The minimum vdelay is zero. The first hsync is the first 

active line. The minimum value that can be programmed into 
hdelay is 2* Note, however, that the actual delay from 
in_hsync to the first active output pixel is hdelay+1 
cycles ♦ 

3 0 Any edge of the border can have the value zero. The 

color of the border is selected by writing to the registers 
borderer, border_g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blanker, blank_g and biank_b. Mote that the multiplexing 

35 performed in output modes 1 and 2 will also affect the 
border and blank .components . That is, the values in these 
registers correspond with in_data ( 2 3 : 1 6 ] , in^data [ 15 : 8 ] and 
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in_ data [7 ; 0) . 
c.io.4 output Flags 

•out_active indicates that the output data is part of 
the active window, i.e., video data or border. 
•out_window indicates that the output data is part of 
the video window. 

•out_comp[ l : 0] indicates which color component is 
present on out_data[7 :0] in output modes 1 and 2. In 
mode 1, 0=Cb, 1-Cr. In mode 2, 0=Y, 1-Cr, 2*Cb, 
C.10.5 Two-Wire Mode 

The two-wire mode of the present invention is selected 
by writing 1 to the two wire register* It is not selected 
following reset. In two wire mode, the output timing 
registers and sync signals are ignored and the flow of data 
through the block is controlled by out_accept* Note that 
in normal operation, out_accept should be tied high. 
c.io.6 Snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
C.io.7 Hov It Works 

Two identical down-counters keep track of the current 
position in the display. "Vcount" decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
its terminal count, "Hcount" decrements on every pixel and 
loads on hsync or at its terminal count. Note that in 
output mode 2, one pixel corresponds to two clock cycles. 
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SECTION C. 11 The Clock Dividers 
C.ll.l overview 

Top-Level Registers in the present invention contain two 
identical Clock Dividers, one to generate a PICTURE_CLK and 
5 one to generate an AUDI0_CLK. The Clock Dividers are 
identical and are controlled independently. Therefore, 
only one need be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divisor register is mapped into a different set of 
3 10 addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
N | divided clock frequency, with no requirement for an even 

II mark-space ratio. 

?S The divisor is required to lay in the range -0 to 

= 15 -16,000,000 and, therefore, it can be represented using 

it 24bits with the restriction that the minimum divisor be 16. 

This is because the Clock Divider will approximate an equal 
CO mark-space ratio (to within one sysclk cycle) by using 

^ divisor/2. As the maximum clock frequency available is 

20 sysclk, the maximum divided frequency available is 
syscik/2. Furthermore, because four counters are used in 
cascade divisor/ 2 must never be less than 8, else the 
divided clock output will be driven to the positive power 
rail . 

25 c.11.2 Using a Clock Divider 

The address map for each Clock Divider consists of A 
locations corresponding to three 8-bit divisor registers 
and one 1-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 
30 access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.10.1. The Clock 
Divider is activated by sensing a synchronized 0 to i 
transition in its access bit. The first time a transition 
35 is sensed, the Clock Divider will come out of reset and 
generate a divided clock. Subsequent transitions (assuming 
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the divisor has also been altered) will merely cause the 
Clock Divider to lock to its new frequency M on-the-f ly . " 
Once activated, there is no way of halting the Clock 
Divider other than by Chip RESET . 
5 Table C.lC.l Clock Divider Registers 



Address 


Register 


00t> 


Access bit 


010 


dMsof MSS 


10b 


divisor 


lib 


(JiviMf LS8 



Any divisor value in the range 16 to 16,777,216 may be 
used . 

C.ll.3 Description of the Clock Divider 

The Clock Divider is implemented as four 22 bit counters 
10 which are cascaded such that as one counter carries, it 
will activate the next counter in turn. A counter will 
count down the value of divisor/4 before carrying and, 
therefore, each counter will take it, in turn, to generate 
a pulse of the divided clock frequency. 
15 After carrying, the counter will reload with divisor/8 

and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
20 to be changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by a 
25 different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/3 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 
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counters are clocked by diff erent * clocks dependent on the 
value of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
5 the PLL . 

c,ll*4 Testing the Clock Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
10 by sysclk, as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and, 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 
The functionality of the Clock Divider is NOT guaranteed 
15 if CHIPTEST is held High while the device is running in 
normal operation. 
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SECTION C.12 Address Maps 

C.X2.1 Top Level Address Map 

Notes : - 

1) The register for the Top Level Address Map as set 
5 forth in Table C.ll.l are the names used during the 

design. They are not necessarily the names that will 
appear on the datasheet. 

2) Since this is a full address map, many of the 
locations listed here include locations for test only. 





Address 


Aire 
Of 15 




5U.£VSNT 


0x0 


a 


Write 1 to reset 


3U.MASK 


0x1 


8 


RAV 




0x2 


1 


RAV i 


3U.WA00fl.COD.ST0 


0x4 


2 


RAV ! 


| 3U.WAC0R.ACCSSS 


0x5 


t 


P/W- access i 


| 3U.vva00R.CTU 


0x6 


3 


RAV { 


3U.0tSPA0DRjJNESjN.LfcST.ROW0 


0x8 


3 


RAV ! 


j 3U.DtS?AC0fl.UN£SjN.LAST.ROW1 


0x9 


3 


RAV i 


i 3U .01 SPAOOR.UNSS.IN.LAST.flC W2 


Oxa 


3 


RAV | 


j 3U.CISPA00R.ACCESS 


Oxt- 


1 


RAV- access 


j 8U.OISPAOOR.CU0 


Oxc 


8 


RAV j 


; au^OtSPAOOR.CT.1 


Oxd 


t 


RAV | 


BU.BM.ACCSSS 


0x10 


1 


RAV- access j 


BU.BM.CTUJ 


0x11 


2 


RAV j 


3U.SM.TARG ETJX 


0x12 


4 


RAV | 


3U.8M_PRES.NUM 


0x13 


a 


RAV- asynch r onous 


3U.3M.THtS.PNUM 


0x14 


8 


RAV 


! 3U.3M.PtC.NUM0 


0xi5 


8 


RAV j 


' SU.3M.PiC.NUM1 


0x16 


• 


RAV 1 


| 3U.3M_PfC.NUM2 


0x17 


I- 


RAV ! 


' 3U_3M_T_MP_REr 


1 0x18 


5 


RO 



10 Table C.ll.l Top-Level Registers A Top Level Address Map 




SU.OC.WIOTH.O 


j 0x57 


3 


RAY 1 


SU.OC.VOELAY.t 


0x58 


3 


[ RAV j 


3U.OC_VOHLAY_0 


0x59 


3 




3U_OC_NOflTH_1 


0r5a 


3 


RAV 


3U.OC„NOflTH.O 


0x56 


8 


RAV 


3u_oc_south_i j 


0x5c 


3 


RAV 


3U.OC.SOUTH.0 | 


0x5d J 


9 1 


RAV 


2U.OC„H£!GHT_1 j 


0x5* | 




RAV 


3U_OC_HSiGHT_0 


0x5? j 


8 


RAV ' 



Table - C - Ua Top-Level Registers A Top 
Level Address Map (contd) 




They art U nSk«iy ta >pp . af on ^ g, ,^,^ 
BU-BM_PRES.FL»G 1 

1 0x80 




" . I I *- HfYY 

Table Cll.l Top-Level "Registers A-^TI^T 
Address Map (contd) 




3U.UV,RAM1A.AOOR.O 


Oxai 


13 
i* ! 


| S U.JV_,RAM1A_0ATA 


0xa2 


I- 1 


| 2U.UV.qAMl8.A0DR.T 


j 0xa4 


i 3 -1 


| 3 U_'JV_RaM1B.ADOR.O 


{ 0xa5 


,e _J 


• 5U.UV.RAM18.0ATA 


f 0xa6 


8 


{ 2L, -UV_RAM2A.AODR_l 


| OxaS 


I" 1 


BU.UV,RAM2A.AOOfl.O 


| Oxa9 




SU.UV,qAA42A.OATA 


Oxaa 


' 8 1 


3U.UV.R AAt2B_A0DR. 1 


Oxac 


I 8 1 



_aU.UV.RA M2S.AQQR j, 
SU.UV.RAWB.OATA 



■ * 5U_vva.aDDR.SNP2 



|5U-*va_ ACDR.SNP 1 
| 3U_WA.A0DR_SNP0 



RAMs 



Oxad 



Oxae 



OxbO 



Oxbt 



: 3 
TT 



* snooper on tne wn;« 
address generator aaeress 

Q/D. 

. snoc&er C n cara 
; , i outcuio/WA 

Table c.ii.i Top-Level RegisteTs-AxSp 
Level Address Map (contd) 




( 

} 
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' SU_3M_rAONTr_3YPASS 



10 



Table c.n.a Top-Level Registers A Top 
Level Address Map (contd) 

C.12.1 Address Generator Keyhole space 

Notes on address generator keyhole table- 

DAll registers in the address generator Keyhole 
. take up 4 bytes of .address space regardless of 
their width. The missing addresses (0x00, 0x04 
etc.) will always read back zero. 
2) The access bit of the relevant block (dispaddr 
or waddrgen) m ust be set before accessing this 
keyhole. 
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Table c.n.2 Top-Level RegistersA 
Address Generator Keyhole 



Xey^cie =e~ts:e' Name 



3U.OlS?ADQR_3Urr_=;o_=ASE_M)0 



30.0iS?AOOfl.3UFrH=0_BAScJ.53 



| 3U_0fS?A0DR.3UP?£=»t.3ASe.MS3 



3U_DlSPACDR.3UFF_Rl_3ASE.MiD 



j 3U_DtSPAD0R.SUFFERt_3ASc_LSB 



Ac--ess 

j ;-xoi 



I 0x02 



; 3 



jx03 



I 3 



13 en 
MLSt t>e 

foaced 



0x05 



0x06 



0x07 



M_s: 
Loade, 



3U_OISPAOOR_3UFF_R2_3ASS_MS8 



I 3U_0tSPA0CR_3UFF=52_3ASc_MI0 



j 3U.OtS?ACOR_BUFrrR2.3A$c.LS8 



0x09 



I 2 



0x0a 



Must oe 
Loaded 



CxOb 



j 5U_0L 0PATHj.iNE0_MS3 
j 3U.DLCPATH.UNE0.MIO 



3U_0LDPA7HjJNeQ_LS3 



OxCd 



• est oniy 



OxOe 



i 3 



CxCf 



3U_DLCPA7H JJN€ t _MS8 



| 3U.DLCPATH.LINE1.MIO 



Oxt! 



i 2 



i est cnty 



0x12 



j 3U.0LDPATH.L1NE1_LSB 


Oxt3 


i 9 




3U.0LDPATH.LiNE2.MS3 


| OxiS 




j Test oniy J 


3U.OLDPATH.LJNE2.MIO 


0xi6 


3 


i 

i 


3U.OLOPATH_UNE2.LS8 


0x17 


3 


j 


3U.OLDPATH.V8CNT0.MS3 


0x19 


2 


Test oniy j 


j 3U.0LDPATH.V8CNT0 MIO 

i- — . _ 


Oxta i 


3 


t 


j 3U.OLOPATH.VBCNT0 LS3 1 

: : — i 


Ox1d ; 


3 


i 


j 3U.DLCPATH.VBCNT1.MS3 [ 


Oxtd t 


2 


Test crry { 


5U_CLC?ATH_V9CNT!_MI0 j 


Oxie | 


3 | 




; 3U.CLDPATH VSCMTl L$3 i 

r 


Cxi/ | 


3 i 




f 3U_DLDPATH_V8CNT2.MS3 | 


0x21 j 


2 ! 




3U_CL0PATH_V9CNT2_MI0 j 


0x22 | 


* i 




3U.0LDPArH_VSCNT2.LS3 j 


0x23 : 


3 » 
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Table C.11.2 
Address 



Top-Level RegistersA 
Generator Keyhole 



( " ~ 

- Keynote Regrs.'er Narr.e 


I Keyrtcie 

i 

J ACC-ess 


i 

j Bus 

t 


i 

f Czrr rrervj; 

i 


; 3U.3(S?ACC = .CCM?0.Cf=3cT.MS3 


i Cz25 


( 2 


: w.s: :e 


: =U_CiSPACCS.CCM?0.OP=3ET.MiO 


J 0x2$ 


! 3 


I Lcacsc 


, 3U_C!S?AOCR_CCMP0_CFr3E7.LS3 


0x27 


!• 


I 
I 


| 3U_CIS?ACCR_CCMPi_OF=3HT_MS3 


| 0x29 


1 2 


f Muse 2s 


' S'J.CtSPACC.n.CCMPl.Op-ScT.MlO 


| Cx2a 


! 3 


i , «. 


1 5U_0!S?ACCP_CCM=> '_CFr S=7_lS3 


j 0x2b 


1 3 


I 


j 2U_DtSPAOCR_CCMP2.0Pr3£T_WS3 


0x2* 


i 2 


| Mustre 


, 3U.DlSPAOOS,CCMP2,OPr5cT.MIO 


0x2e 


a 


Lsaced J 


| 3U_DfSPACCR_CCMP2.0Fr3cT.L53 

i — • . _ 


Ox2f 


I" 


I ' 


| 3U_OIS?AOCP._CCMPO_V9S.MS3 


I 0*31 


j 2 


| Must:- J 


| 3U_DlS?ACCR_COMP0_VBS_MlD 


0*32 


l« 


I 

| Leaded 


. 3U_3iSPADCP_CCMP0.VBS.LS3 


[ 0*33 


! 3 




| 3U_QISPA0DR_CCMP1_VBS_MS3 


0*35 


i 2 


| Musc.e * 


j 3U_CrSPADDR.COMP!.VBS_M!0 


0x36 


I* 


Leaded : 


5U_0lSPADCR_C0MP 1 _VBS.LS3 


0x37 


8 i 


j 5U_0!SPACDR.CCMP2 VBS MSB 



0x39 




! Musi 3e 


! 3U_0lSPA0DR_COMP2_\/BS.MtO 


0x32 




J ! 
I Leaded ' 

i : 


| 3U_DlSPAO0R_COMP2_V8S_LSS 


0x3b 




| 3U_A0CR.CCMP0.HBS.MS8 


0x3d 


2 


Must oe f 


SU.ADDR.COMPO.HBS.MIO 


0x3« 


8 


t 

Loaded J 


BU.A0OR_COMP0.M3S.tS8 j 


0x3* 


9 


f 


SU.AOOR.COMP 1 .HBS.MSB 


0x4 1 




Musi se J 


3U_AOOR_COMPt_M8S_MfD j 


0x42 | 


3 


t 

Loace. ; 


| 3U.A00R.C0MP1.MBS.LSB 


0x43 I 

t 


3 


i 


r 3u_AODR.coMP2.Mes.Msa j 
r — L 


0x45 j 


2 


Must at ; 


5U_AOOR.COMP2.M9S.MID j 
. _ . 


0x46 | 


3 


Load*, 


3U_AOOR_CCMP2_HSS_LSB 


0x47 | 


8 





I 3U_0!SPAODR_COMP0.HBS_MS8 



i 3U_CiS?A0CR_COMP0.MBS.Ml0 



3U_DlSPACCR.CCMPO.HeS_LS8 



SU.ClSPACCR.CGMP j_HSS_MS8 



3U_C!S?A0CR_CCMP 1 _M8S,MtO 



3U_CISPA0DR.C0M?1_HBS_LSB 



0x49 



0x4a 



Musi ce 
Leaced 



0x4b 



j Ox4<j 



I 2 



Mus: =e 



0X4, 



; Leaded 



| 0X4( 



i a 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



} 

: 

Keyhole Pe^ster Name 


Keynote 
redress 


3«!S 


1 


5U_C:S?A*CR.CCMP2_^=S_MS3 , 


Cwl 


» 2 


'.fLs: :* 


j SU_OlSrUCOR_.COMP2.-S5.MiQ j 


Cr52 


: 3 




3U_ClS?ACOB.COMP2,H8S.LS8 


0x53 


i 3 




SU.DlSPACOPl.CNT_LHrT0.MS3 


0x55 


! 2 


Tes: sr.-/ 


| 3U_ClSPACDR_CNT_LEfTa.Mi0 


0x55 


1 3 




j SU.CiS^ACOfl.CNT.LE^TO.LSS 


0iS7 


' 3 




3U.DlSPA0CR_CNT_LHr7i.MS8 


0x53 


i 2 


Tes: ewy 


! 3U.ClSPA0DR_CNT.LEfTl.MI0 


0x5a 


1 3 




SU.OtSPACCR.CNT.LErT 1 .LSB 


0x5b 


!■ 




3U_0iSPADDn_CNTJ.ErT2.US3 


Cx5. 


( 2 


Tes; cm/ 


3U.DlSPAOOrt.CNT_LErT2.V1lO 


Ox5e 


! « 




j 3U.CtSPACCR_CNT.LErT2_.SS 


OxSf 


! 3 




3U.CIS?ACDR_PAGE.AD0RQ.MS3 


0x61 


' 2 


T*s: zr.xy 


| BU.DSPADDR_PAGE.AO0R0.MJO 


0x62 


i 8 




au.D!SPA00fl_PAGE.A00RG.LS3 


0x53 


! s 




5U.0lSPAC0fl_PAGE.AD0Rt.MS3 


0x65 


! 2 


Tesi cniy 


3U.0ISPA00R_PAGE.A0DR1.MID 


0x66 


i 3 




3U.DiSPACDR„PAGS.A00RUL53 


0x67 


! 3 




3U.0ISPA0DR.PAGE.A00R2.MS3 


0x69 


i 2 


TeSJ or:y 


8U.0iSPA00fl_PAGS_A00fl2.Mt0 


0x6a 


1 3 




BU.0tSPA00R.PAGS_A00R2.LS8 


0x60 


! 3 




8U.OtSPADDR.BLOCK.A00R0.MS3 


OxStJ 


! 2 


T-s; rr 7 


3U.01SPAO0R.8LOCK.A00R0.MI0 


Ox5e 


|3 




SU.OtSPAOOfl.SLOCK.AOORO.LSB 


Ox5f 


! 3 




SU_0lSPAOOfl_8LOCK.ADDR1.MS3 


0x7 1 


1 2 


Test cnty 


3U.0ISPA0DR.3LOCK.AODR1.MI0 


| 0x72 


i * 




3U_0iSPA00R.BLOCK.AO0R1.LS3 


0x73 


i 3 




; 3U_DtSPA0DR.3L0CK.AD0R2.MS3 


| 0x75 


! 2 


Test :r y 


j 3U_OlSPAC0R.BLOCK.AO0R2.MiO 


| 0x76 


! 3 




! 3U_CtSPADOR.3LOCK.A00R2.LS3 


| 0x77 


! a 




; 3U_0lSPA0OR_3LOCKS.LSrT0.MS3 


) 0x79 


! 2 


1 T«: :- •. 


I 3u.0iSPA0OR.3LOCKS_LErT0.MJO . 


j 0x7a 


! 3 


1 


| 3U_OtSPAOCR.SLOCKS.LSFT0.L58 


| 0x7& 


! 9 ■ 


t 
1 
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le C.ii.2 Top-Level Regist 
Address Generator Keyhole 



Keynote Register Name 


Keyhole 
Address 


i 

j 3, 

1 


| 1 

i i 

' ! 




| 0x7d 


! 2 


i ~es: zrif ; 


3U_OSSPAD0R.3LOCKS_.£?7i _MI0 


| Ox7e 


1 3 

1 


i 

i i 


3U_D!SPAOOR_3LOCKSJ.3=T1_L$3 


{ 0x7( 


!• 


j 


3U_0lS?A00R_3_OCXSJ-£r72_MS3 


0x81 


! 2 


j Tes; OrAy 


3U_CiS*AC0R.3LOCXS.L£F72.MIO 


0x32 


3 


1 1 


3U_C:S?AOCR_3LOCKS_L™2_L$3 


| 0x83 


i 9 


1 


1 3UJWADOR_3UFFSr.0_3ASS_MS3 


0x85 


2 


Mus: :« j 


3U.WACOR_3UF"£R0.3ASe.MiO 


0x86 


h 


loaeeo | 


3U.WAOOR.SUrF£S0.SASc.LS8 


0x87 


3 




i 3U_WACOR_3UFF=R1_3AS£.MS3 


0x89 


h 


Must i 


3U_WACOR_3UFF=Rl.3AS=_MlD 


0x8a 


S 


Loa.ed 


5U_WA0CR_3Urr.Rl_SAS = _LS3 


OiSb 


3 




3U.WAC0R_SUFFER2_3ASe.MS3 


OxSd 


2 


Mus; se j 


3U.WA0DR.SUFFSR2_3ASE.MID 


0x8« 


8 


Leaded j 


3U.WA00R.3UFrSR2.3ASe.LS3 


0x8f 




1 


3U JWA0OR.COMP0_HM8A0DR.MS3 


0x9 1 




Test cmy 1 


SU.VVAOOR_COMPO.HM8ADDR.MID 


0x92 


8 


; 


3U.VVACOR.COMP0.HM8AOOR.LS8 


0x93 


• 1 




5U.WAODR.COMP 1 ,HM8A00R_MS8 


Ox9S 


2 


Tes; only j 


SU.WAOOR_COMP1.HM8AOOR.MIO 


0x98 


3 


1 


3U.WAD0R.COMP 1 .HM8A00R.LS8 


0x97 


3 


I 


3U.WAOOR_COMP2.HMBAOOR.MSS 


0x99 


2 ! 


Tes; tr.vf 


3U.WAC0R.C0MP2.HM8A0DR_MI0 


0x9* j 


3 


. 


3U_WADDR_COMF2_HMBADOR_LS8 


0x9b 


8 


i 


3U_WA0DR.COMP0.VM8AOOR.MS3 


0x9d 


* 1 


Test only j 


3U.WACDR.CCMP0. VM8 AOOR.Ml 0 


0x9* 


3 


i 


3U.WADDR.COMP0.VM8AD0RJ-S3 


0x9* 


3 | 




3U.WAC0R.C0MPl_VM8AD0R.MS8 


Oxat | 


2 1 


Tes; on:y 


| _ 

3U.WA00R.CCMP 1 .VM8A00R_M(D 


0xa2 | 


3 | 




3U_WACDR_COMP 1 _VM8A0DR_LS3 


0xa3 | 


3 ! 




3U_WACCR.C0MP2_VM8AD0R.MS3 


OxaS ] 


2 i 


Tes; er.ty 


j 3U_WADOR_COMP2.VMSADDR_MfO 


Oxa6 | 


* 1 




I 3U.WA0OR.COMP2_VM8A00R.LSB 


Oxa7 j 


3 ! 





662 



Table C.11.2 Top-Level Registers^ 
Address Generator Keyhole 



Keynole Register Name 


Keyhose 
- Address 


| 

j 3tts 


i 

Commerces i 




j 0xa9 


f * 


; 

j Tesi rrtty t 


3U_WA00R_VSA00R_MI0 


Oxaa 


i a 
! 9 


; t 


3U_WAOOR.VBADOR.LS3 


| Oxao 


1 a 


i 

1 ! 


3U_WA0OR_COMP0_HALF_WtOTH_iN_3LOCKS_MS8 


| Oxad 


I 2 


| Must it j 


3U_WAQCR_COMP0_HALF_W!OTHjN_3LOCKS_MiO 


0xa« 


! 3 


[ f 
i Loaded 


3U.WAOCR_COMP0_HALF.WtOTHJN_3LOCKS.LS3 


Oxaf 


! 8 




3U.WA003.COMP 1 .HALF_W10THJN.3L0CKS.MS8 


Oxbi 


i « 
I 2 


Must re i 


SU.WAODR.COMP1.HALF_WIOTH.IN.8LOCKS.MIO 


I 0xfi2 

l 


8 


i 

Loaded j 


3U.WAODR.COMPl.HALF_W(DTH.IN_3LOCKS_LSa 


0xo3 


3 


i 


3U.WACOR_COMP2_HALF_WtOTH.IN.SLOCKS.MSB 


I 0x65 


2 


J Mus; re • 


3U.WA00R_COMP2_HALF_WIOTH.IN.BLOCKS.MID 


0ib6 


3 


Leaded ! 


3U.WAOOR.COMP2_HALF.WIOTHJN_3LOCKS.LS8 


0xb7 I 

i 


3 




3U.WA00R_H9.MS3 


0x09 | 


2 


Test only j 


3U.WAC0R.M8.MI0 


Oxfia ! 


8 


1 
i 


3U.WA00R.H8.LS8 


| Oxob | 


8 


i 


SU_WA00R.COMP0_OFFSET.MS3 


OxOd | 


2 


Mus: ce i 


3U_WA0DR_COMP0_OFFSET_MlO 


Oxfce | 


e 


Loaded ! 


3U_WAODR_COMP0.OFFSeT.LS8 


Oxtif | 


8 


• 


3U_WAODR.COMP1.OFFSET.MSB 


Oxcl | 


2 


Must oe j 


8U.WA00R.COMP1.OFFSET.MI0 


0xc2 | 


8 


i 

Loaded | 


8U.WA00R.COMP 1 _OFFS ET.LS8 


0xc3 | 


3 


1 
i 


BU_WA00R.COMP2.0FFSET_MSB 


QxcS 


2 


Mus: fce I 


3U_WA00R_C0MP2.0FFSeT.Ml0 


OxcS | 


8 




8U.WADOR.COMP2_OFFSET.LS8 


Oxc7 j 


8 


Loace. | 

i 


'3U.WA00 R.SCRATCH. MSB 


0xc9 


2 


Test only J 


3U_WAO0R.SCRATCH_MiO 


Oxca | 


3 




3U.WA00R_SCRATCH_LS8 


Oxco | 


8 1 




3U.WAD0R.MBS.WI0E_MS8 | 


Oxcd | 


2 


Mus; oe 


3U_WAD0R.MBS_Wl0e.Mf0 | 


Oxce | 


8 


Leaded 


3U_WACOR.M8S.WtOE.LS8 


Oxcf j 


S 




SU_WA00R_M8S_HIGH_MS3 | 


Qxdt | 


2 i 


Mus; re 


3U_WA00R_MBS_HIGH_M1D j 


0xC2 j 


a 1 


Lsaced 


5U.WAC0R.MBS.HIGH.LSB 


0xd3 | 


• .1 





Table c.n.a Top-Level RegistersA 
Address Generator Keyhole 




j 3U,WACGR_CCMPQ^LA5T,M8JN,3GW,LS3 
3U.WAC0R.CCMP 1 _LAST.M8JN_RCW.MS8 



0xd9 



3U.WAQD3.C0MPT ,UST.MBJN.RCW.M^D 
3UJWACCR.C CMPT.LA5T_M8jN_ROW.LS8 
3UJwACDR_CeMP2.LAST_MSjN_ROW.MS3 



Oxda 



"1 Lcacec 



Oxdb 
Oxdd 



3U.WAOQq_COMP2.UAST.MSjN.flOW,MIO 



Oxd» 



Mus: 23 



3U_WAOOR_CCMP2_LAST_MBJN.RCW_LS8 


Oxdf 


!• 


loacs-s 

j i 


BU.WACCR.CCMPO_LAST.MSJN_HALF_ROW_MSB 




2 


j Mus:;e 


3U_WAD0R_CCMP0_LAST_M8_lN.HALF_ROW_MI0 


0xe2 


8 Lcacec 



3U_WACCR_COMP0_LAST.M8jN_HALF_ROW.LS8 



0xe3 



3U_WADDR_CCMP1.LAST_MSJN.HALF.R0W.MS8 


OxeS 


1 2 


Must 


3U_WA0DR_COMPl.LASTM8_IN_HALF_ROW.MI0 


0xe6 


a 


Loaced 


3U_WA00R.C0MPt.LAST.M8jN.HALf.ROW.LS8 


0x«7 


1 = 


3U.WA0Ca.CCMP2_LAST_M8jN.HALF_ROW.MS8 


0xe9 


l« 


M_s; 5e 


3U_WACDR.COMP2.LAST.M8.IN.HALF.ROW.MID 


0x04 




Loaded f 


SU_WAOOR_COMP2_LAST.MBJN.HALF.ROW.LS8 


Oxeb 


s i 


3U_WAC0n_COMP0.LAST.ROW.IN_M8.MSS 


Oxed 


■• 1 


Must oe ; 


BU.WAOOR_COMPO.LAST.ROW.IN_MB.M1D 


Ore* 


8 


Loacec j 
i 


SU_WA00R.COMP0.LAST.ROW_IN_M8_LS3 


Oxef 


I • | 


8U.WAC0R_COMP1.LAST.ROWJN_MS.MS8 


Oxtl 


1 2 i 




3U.WA0CR.C0MP 1 _LAST_ROW_IN_MB.MI D j 


0arf2 


8 i 


Loaceo 


8U_WADDR_C0MPt.LAST_ROW.IN_MB.LS8 


0xf3 


8 i 




3U_WAO0R_COMP2_LAST_ROWJN_MB.MS3 


0xf5 


2 I 


Musi 2e ! 


3U.WAOOR_COMP2_LAST_ROWJN.M8_M(0 j 


QxtS 


8 


Leased 


3U_WACCR_COMP2 - LAST_ROW_IN_MB_LS3 | 


0xf7 


8 1 


3U_WADCR_COM?0_3LCCKS_='£R_MS_ROW_MSS 


0xf9 


2 i 
I 


Mus; ;e 


3U.WACOR_CCMPO_3LOCKS_PSR_M8.ROW.MIO j 


Oxfa 


8 i 


Loaie* 



3U.WAOD?.COMPQ,8LOCKS_PER.MB_ROW.LS8 



Oxtb 



3U_WACOR,COMP1.9LOCKS_P£R.M8.RQW.MS3 



Oxtd 



Mus; 



j 3U.WACCR.C3MP t _3LOCKS_»£R_M8_ROW_MIO 



Oxfe 



Su.waccr 



-COMPi .BLOCKS _PSR.MB.ROW LSB 



f Loacec 



Oxff 
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Table c.ii.2 Top-Level RegistersA 
Address Generator Keyhole 




; 3 f -.WACCR.C0MP2.HBS_MS8 



31/.WAOOR_COMP2_HSS.MIO 



3UJWA00fl_COMP2.HBS.LS8 



3U.WAOOR.COMP0.MAXH8 



3U.WACOR_COMP 1 JWAXHB 



3U.WA00R.COMP2.MAXHB 



Oxiu 



Loaded 



Oxtib 



Ox11f 



0x123 



Must sa 



Lsacec 



0x127 



j 3U.WAC0R.COMP0.MAXV8 



^3U,WACQR_C0MP 1 .MAXV8 



j 3U,WACQB_COMP2,V1AXV3 



Cxl2& 



Cxi2f 



( Must re 
J Lcadec 



:xl33 



C. 12 . 3 



Horizontal Upsampler and Color Space Converter 
Keyhole- • 
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Table C.11.3 



H-Upsamplers and Cspace Keyhole ^ 



Keynote 3 e?rs;er 


Keyftcte 






Name 


Address 


Sits 


Comment 


3U_UF0„AC0 t 


uxu 


f 5 


RAV- Coeff 0.0 


3U.UHC_A00 0 


j 1 1 


8 






0x2 


5 


RAV. Coeff 0, 1 


3U UHO AG! O 


0x3 


1 8 






0X4 


5 


RAV- Coeff 0.2 


fill HUA 4/"»''5 rt 


0x5 


8 




3U_UHO_A03_1 


Cx6 


5 


RAV- Coeff 0.0 




0x7 


8 




8U.UH0.A10.1 


0x8 


5 


RAV- Coeff t.O 


8U.UHO.A10J3 


0x9 


8 




8U_UH0,A11_1 


Oxa 


5 


RAV- Coeff !,1 


8U.UHO.AH_0 


Oxo 


8 




8U.UH0.A12.1 


Oxc 


5 


RAV- Coeff 1,2 


8U.UHO.A12.0 


Oxd 


8 




SU_UH0_A13_1 


0x« 


5 


RAV- Coeff 1,3 


BU.UH0.A13.0 


Oxf 


8 





8U.UH0.A20.t 



OxtO 



BU_UH0.A20.0 



8U_UHCLA21_1 



8U_UH0_A21,0 



8U.UH0.A22.1 



0x11 



0x12 



0x13 



RAV- Coeff 2.0 



0x14 



8U.UM0.A22.0 



0x1 S 



RAV- Coeff 2. t 



RAV- Coeff 2.2 



8UJJH0.A23J 



0x1 S 



BU.UH0.A23.0 



0xT7 



8U.UH0.MO0E 



0x18 



BU_UH1_A0O.t 



0x20 



8U.UH1.AOO.0 



9U_UH!_A01 J 



0x21 
0x22 



RAV- Coeff 2.3 



RAV 



RAV- Coeff 0.0 



8U.UM1_A01 0 



0x23 



RAV- Coeff 0.1 



SU.UH1.A02,! 



0x24 



9UJJH1_A02_0 0x25 



9U_UH1_A03.I j 0x26 



8U.UHt.A03_0 0x27 



RAV. Coeff 0.2 



RAV- Coeff 0.0 
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Table C.11.3 H-Upsamplers and Cspace Keyhole Address Map 



.<eyrc*e Register 


Keyhole 


1 

3i3 j 






Actress 




i 

t 



3-j jjri!,A JO J | 0x23 ) S 


=/,7. Ccert t .0 

I 




0x29 j 8 


3U.JH1 jmj ( Cx2a 


5 


R/W. Coeft i,' . 

! 


3U.UH1.AMJ5 


0x25 | 3 


3UJJM1.A1 2 J | 0x2t 


S 


Rw- Cceff i .2 \ 
i 


| SUJ^.a:2.0 j Cx23 


6 


j SUJJH1.A13J 


0x2 e 


5 


AV/-Co«i1i.3 < 

i 
1 


3UJJHt.At3.0 


Cx2t 


3 


3U.UH1.A20J j 0*30 


5 


R/W- Coeff 2.0 . 

i 

I 


3U_'JH * _A20_0 


0x31 


8 


SU.UH!_A21.1 


0x32 


5 


RAV- Coeff 2. i j 

f 

i 


SUJJH1.A21.0 


0x33 


3 


3U JJH1.A22.1 


0x34 


S 


R/W- Cce« 2.2 j 

t 


3UJJH!_A22_0 j 0*35 


a 


3UJJH1.A23.1 


0x36 


5 


R/W- Coeff 2.3 j 

( 
( 


SU.UH1.A23.0 | 0x37 


3 


SU.UH1.MOOE 


0x38 


2 


R/W 1 


SU.UH2.A00.1 j 0x40 


5 


R/W- Coen 0.3 


3U.UH2.A00J) 


0x41 


3 


BU.UH2.A0t.! 


0x42 


5 


R/W- Coeff o.i ; 

1 


3U_UH2.A0t.0 


0x43 


8 


l 
i 


3U.UM2.A02.1 


0X44 


5 


R/W- Coeff C.2 . 


3U.UH2.AC2.Q j 0x45 


8 


3U.UH2.A03.1 | 0x46 


5 


R/w* Coeff 0.0 | 


SU.UH2.A03.0 j 0x47 


3 


1 


BU.UH2.A10.1 


0X43 


5 


R/w- Coeff i .0 


3U.UH2.A10.0 j 0x49 | 8 




3U.UH2.AU.1 | Cx4a | 5 


RAV- Coeft i.i 


3U_UH2„A11_0 j 0x4D | 3 




3UJJH2.A12J j 0**« j 5 


fVW-Coett 1.2 


3U.UH2.AI2.0 1 2x44 


3 




! 3U UH2 A 13.1 


Cx4« j 5 


?VW- Coeft i 3 
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T.«. C.X!., H- t , P „ mpl . rs ina csp . c . K . yhol# Matesj 




| 3U.UH2.A20.0 


0x5 t 


3 ! 


SU_UH2_a_m_i j QxiZ 


5 1 RAV. Coeff 2. ! 




0x53 


3 




3U_UH2_A22_1 | Cx54 


5 


nAV- Coe«2.2 


3U.UH2.A22.0 I Ox£5 




3UJJH2.A23J 


0x55 


5 


PAV- Coeff 2,3 j 


SUJJH2.A23.0 | 0x$7 


• ! ! 


8U.UH2.MOOc 


0x5a 


2 | PAV j 


BU.CS.A0O.1 


0x60 


5 




SU_CS_A0O_O j 0x61 | 8 


RAV | 


3U.CS.AI0.1 


0x62 


5 j RAV I 


3U_CS_A10J) 


0x63 


8 


1 


3U.CS.A20J 


0x64 


S 


! R/W 1 


3U.CS.A20.0 0x65 


3 




SU.CS.SO.I 


0x66 


6 


RAV i 


3U.CS.B0_0 0x67 


« 1 


BU.CS.A01.1 j 0x68 


5 


RAV ! 

t 

! 


8U.CS.A01.0 


0x69 


8 


BU.CS.AIt.l 


0x6a 


5 


RAV j 


BILCS_A11_0 J 0x6b 


6 


I 


BU.CS.A2t.l 


0x6c 


5 


RAV 

1 


BU_CSJ*21_0 


0x6d 


8 1 




0x6« 


6 


RAV j 

i 
1 


BU.CS.Bt_0 0x6f 8 


BU.CS.A02.J 


*0x70 


5 




3U_CS_A02J> 


0x7 1 


■ | 


RAV | 


BU_CS_A12_! 


0x72 5 | 


R.Y/ | 

i 

f 


3U_CS_AI2j} j 0x73 j 8 j 


3U.CS.A22.I 


0x74 | 5 j 


R/W i 


3U.CS.A22.0 0x75 


8 1 


3U_CS_S2_t | 0x75 


6 i 


PAV I 

I 


3U.CS.32.0 


0x77 | 8 ( 
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SECTION C.13 Picture Size Parameters 
C.13.1 Introduction 

The following stylized code fragments illustrate the 
processing necessary to respond to picture size interrupts 
5 from the write address generator. Note that the picture 
size parameters can be changed H on-the-f ly" by sending 
combinations of HORIZONTAL_MBS , VERTICAL_MBS , and 
DEFINE_SAMPLING (for each component) tokens, resulting in 
P$ write address generator interrupts. These tokens may 

# 10 arrive in any order and, in general, any one should 

necessitate the re-calculation of all of the picture size 
\| parameters. At setup time, however, it would be more 

*Jjf efficient to detect the arrival of all of the events before 

u% performing any calculations. 

s 15 It is possible to write specific values into the picture 

J!" size parameter registers at setup and, therefore, to not 

y, rely on interrupt processing in response to tokens. For 

81 this reason, the appropriate register values for 5IF 

pictures are also given. 
20 Interrupt Processing for Picture Size Parameters 

There are five picture size events, and the primary 
response of each is given below: 
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IaadCn£>s_videi . 
else i i (v^*:s_tver.*> 

loadt.ris.^M 
else if {def_sa-*rpG..«v«r.s.l 

{ 

lead (aax^i::). 
lead (rjucvb tc; ' : 

} 

else if (ief.saspi.evtr.tl 

{ 

load (ia*xfcbUn; 
load (Mxvb(i;i; 

J 

else if {def_s*^2_event) 

t 

load (»axftbf2!J 
load fa«xvb(2lJ: 



In addition, the following calculations are necessary to 
retain consistent picture size parameters: 

i i t hats _«ven: } | vrsfcs .ever, t j 1 

def_s«jspC_event} | def _sa.-=pi_ever.t | 1 def_se=sp2.«ve.-. ' t 

izr (i*0; i<zsAx_cer^cr.er.i; 

( 

-sii! » eddr.fcSsUi * Cr-axhM il *D * afcs.viis: 
-aif^dih.m.bLccksUJ » 1 1 til * 1 > ' ri:s_v;±e> /: 

last.-i.i-_^alf_rcwU! ■ half.widt-^in.blscks ( I - 
rajc*J:Ui -11 ; 

Sl©c*s_p*r^-a£>_rcv(il - lasc.row„in_tftb(il * fcisC ; 
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Although it is not strictly necessary to modify the 
dispaddr register values (such as the display window size) 
m response to picture size interrupts, this may be 
desirable depending on the application requirements. 
5 C.13.3 Register values for SIT Pictures 

The values contained in all the picture size registers 
after the above interrupt processing for an SIF, 4:2:0 
stream will be as follows: 
C. 13. 3.1 Primary values 

3U.WAD0R_MBS.W1DE = 0x16 
5U.WA00R.MBS.HiGH = 0x12 
EU.WA0CR.COMP0.MAXH8 = 0x01 
3U.WA0DR.COMP1.MAXHB = 0x00 
3U_WADQR_COMP2_MAXH8 = 0x00 
3U.WA0DR.COMP0.MAXVB = 0x01 
2U_WA00R_C0MP1_MAXVB = 0x00 
BU.WAOOR.COMP2.MAXVS - 0x00 

10 C.13.3. 2 Secondary Values - After Calculation 

3U_WAOOR.COMP0.HB5 = 0x2C 
8U.WADOR.COMP1.H3S = 0x15 
3U.WADDR.COMP2.HBS = 0x15 
3U.A0DR_COMP0.H3S = 0x2 C 
BU.ADDR.COMP1.H8S = 0x16 
3U.ADDR.COMP2.H3S = 0x16 

3U.WADDR.COMP0.HALF.WIDTHJN.3LOCK5 = CxtS 
3U.WADDR.COMP1.HALF.WI0THJN.SLOCKS * GxC3 
8U.WADDR.COMP2.HALF.WIDTH JN.BLOCKS = 0x03 
3U.WADDR.COMP0_lAST.MB JN.ROW = 0x2A 
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BU_WAD0R.C0MP1.LAST.M8.IN.R0W = 0x15 
BU_WADDR.COMP2.LAST.MB.iN.ROW = 0x15 
8 U.WAD D R.COM P0_LAST_MB_IN.HALF.ROW - 0x14 
BU.WADDR.COMP1.LAST.MBJN.HALF.ROW = OxOA 
8U_WADDR.COMP2_LAST.MB_IN_HALF.ROW = OxOA 
8U_WADDR.COMP0.LAST_ROW.IN.MB = Ox2C 
BU.WADDR.C0MP1.LAST_R0W.IN.MB = 0x0 
8U_WADDR.COMP2_LAST_ROW.IN.MB = 0x0 
BU_WADDR_COMP0_8LOCKS_PER_MB_ROW = 0x58 
8U_WADDR_COMPl_BLOCKS.PER.MS.ROW = 0x15 
BU_WADDR.C0MP2_BLOCKS_PER_MB_R0W =0x16 
BU_WADDR_COMP0.LAST_MB.ROW - 0x508 
BU.WADDR.C0MP1_LAST.MB.R0W = 0x176 
BU_WADDR.C0MP2_LAST_MB.R0W = 0x175 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations . 

Note that additional Figures, which are self explanatory 
to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 
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The af oredescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having an input , an output and a plurality of 
processing stages between the input and the output, the 
5 plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 
% 10 selected stages in the pipeline for control data and/or 

N! combined control-data functions among the processing 

stages , so that the processing stages in the pipeline are 
f|| afforded enhanced flexibility in configuration and 

^ processing. In accordance with the invention, the 

^ 15 processing stages may be configurable in response to 

hk recognition of at least one token* One of the processing 

^ stages may be a Start Code Detector which receives the 

'■JM5V,;. 

ffii input and generates and/or converts the tokens, 

□ The present invention also relates to an improved 

F 20 pipeline system having a spatial decoder system for video 

data including a Huffman decoder, an index to data and an 
arithmetic logic unit, and a microcode ROM having separate 
stored programs for each of a plurality of different 
picture compression/ decompression standards, such programs 
25 being selectable by a token, whereby processing for a 
plurality of different picture standards is facilitated. 
The present invention may also include tokens in the form 
of a PICTURE_STA3*T code token for indicating that the 
start of a picture will follow in the subsequent DATA 
3 0 token, a PICTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a CODING_STANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 
35 standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 
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an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled* 
Also in accordance with the invention, a processing stage 
5 receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery. The invention may also include a means for 
performing a stop-after-picture operation for achieving a 

10 clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
to pass an arbitrary number of bits through the buffer. 

15 The present invention also relates to a data stream 
including run length code, and an inverse modeller means 
active upon the data stream from a token for expanding out 
the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 

2 0 number of values. The invention also includes an inverse 
modeller stage, an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 

2 5 processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 

3 0 the data words including an identifier that identifies the 

Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
3 5 words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
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Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means , means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
number * 

The improved system includes a multi-standard video 
decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine. Control tokens and DATA 
Tokens pass over the single two-wire interface for 
carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
recognizing certain of the tokens as control tokens 
pertinent to that stage and for passing unrecognized 
control tokens along the pipeline. Reconfiguration 
processing circuits are positioned in selected stages and 
are responsive to a recognized control token for 
reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 
circuitry and processing techniques are disclosed for 
implementing the system* 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 
departing from the spirit and scope of the invention* 
Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 



